
‘H ~~~~ *033 889 FEDERAL AVIATION ADMINISTRATION WASHINGTON 0 C OFFICE——ETC FIG 6/19PHYSIOLOGICAL, BIOCHEMICAL, AND MULTIPLE_TASK_PERFORMANCE RESPO——ErC(u,NOV 76 E A HIGGINS, W D CHILES, .J M MCKENZIEUNCLASSIFIED FAA—AM—75— 11 
NI.

END
DATE

FILMED

2 -77

_  -4



— —,_—.——.~.—,-—- ~~~~~~ .rwav~~~’~~ -~ ~~~~~~~~ ~~III~~

FAA-AM-7~~11 
. ..

~~ PHYSIOLOGICAL, BIOCHEMICAL, AND MULTIPLE-TASK-
PERFORMANCE RESPONSES TO DIFFER ENT
ALTERATIONS OF THE WAKE-SLEEP CYCLE

E. A. Higgins
W. D. Chiles

J. M. McKenzie
G. E. Funkhouser

M. J. Burr
A. E. Jennings
J. A. Vaughan

Civil Aeromedical Institute
Federal Aviation Administration

Oklahoma City, Oklahoma

1I~
~irIP~

• November 1976

Docum ent is available t.o the public through the f ~)  ~~National Technical Information Service, • .. 

Spring hel d, \ ~rginia 22151 —

16 1976

Prepared f or  
~

•

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

Office of Aviation Medicine
Washington, D.C. 20591

- ~~~~~~~~~~~~~~ ~~~~

— •~~- •• ~~~~~~ ~~~~~~~~~~~



— ________ — ~~~~~~~

NOTICE
This document is (liSsemiflated under the SpOflSorshi~) of the Department

of Transportation in the interest of information exchange. The United
States Government assiiuies no liability for its contents or use thereof.

I
I

- - --
~~~~~

—-
~~~~



-

~~~~

_ !
~~~~~~~ ~~~

•

~~~~L = • e
~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~ _

~~~. ~~~~~~~~~~~

~ E~~~~ :~~ ~~~~
.-  - -

z~~~-c
•
~~~~~

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—c’- ~~~:.., — — ‘~~c— -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -

~ —
~~~~~~~~ ~~~~~~~~~ - ~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~c ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~~~~~ i-~~ ._ ‘I. — —  ~~~~Z~~~~-~~~— - — — -  ‘- : :~~~- .. .. . - -  —

~~~~~~~~

~~~~~ :~-~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 7 _
~~~~~~~~~~~~~~~~~ :~~~~~~~~ -~~~~~~ ~~~~~~~— — — ~l_ ~- — — - — .— — — — —. - — — _L - —

~~~~~~~~~~~
— ~~ — . — — ‘.- — = — — V - — — — 7 Z - — — —

~~ —c~ i~b :_ , - ~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~
— — — 

Y — — : — VC —. — -~ 
- — — s: -- — — ~- 

- — —

~~&:~

!!!P~ ii ~ 
V L~~~~~~~~~:~~~~~~~~~~

-— — .
~~~j  ~L _ - -. — — - — — -— — ~~ I —

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ —
- - - ~~~ - ~~~~~~~~~~~~ •7 —~~ 

t -
~~~~ --E- -~~- ~

C ~~ 
-
~ ~~ 

— — 
~‘- ‘- ~- — .— r -~~

~~~~~~~~~~~~~~~~~
-
~~~~ — — = —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- -

— -~ — ~
• —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~

— •— : . . .~~~~ •~~~ •~~~ ~~~~~~~~~~~~~~ -
~~~ — --

~~~~~-~~~
. 

~~~~~~~:~~~~
- _~~ ~~~

— •- -~ ~~~~~~~~~~ ~~~~~~~~~~~~— — — — — I- I-
• — ~~- ~- — •z _~ - —

~~~~~~~~~~~~~~~~~~~~~~ •~~ •~~• —~~• — _
~~~~~• z

~~~~~~~~~~~~~~~~ ~~~ — - ~~~~~rV;~~~~~E . ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
~•~~~ z~~~~— : • - — — — -  ~~~:~~~~I.- — • —

— • = ~~~~~~~ — — — -~~~~~ : —  r ~~~~~~~ -~~-~~~~~ -~~~~~~- ~~~~~
~~~~~~~~~~~

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
~- — ~~~— — — — ‘—— - - — •

~~~ . ~~~~~~~~~~~~~~~ J~ ~-~~ — ~~z

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~;~~~~~~~

- ‘- .
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~
~~~~~~~~~~~~~~~

— -~~~I —
~i~~~~~:~~~~~— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~ - ~-~~- -

~~~~~~~~~~~~~~ 
:~~~~~~~~~~~~~~ t : ~~~~~~~~~~~

-
~~~~~~~

_

~~~~~ E~~~ Lj I
- - ~~~~~~~~~~~~~~ ~~~~~~~ •—

—

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~

~~~ ~~~~~~~~~~
~~~~~
.~~1!: ~~~~~~~~~~~~~~~c~~ t —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ E 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



•~~~
. 

~~~~~~~~~~~~~ i ~
~• . •—~~~~~ ;: - -~~~~~ -- ~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~ I- —~~~

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~:~~~ 
X

~~~~~~~~~~~~ ~~~~~~~~~~~• — — — .— — ~- — — —
- ~~ ~-~~ -

-
~~~-~~~~~~~ - ~~~~~~~~~

~~~~~~~~~ — — —~~~
• =~~ -~~~

• _ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ~~~~ . . •L~~ - — — I - —

~

~~~~~ ~~~~~~~~~~~~-
~~~~~~~

.•- ~~~ c j ’~ •~
‘-~~i •~ — c  V :

~~~ - : .~~~~~ j _~~~~~~~~~~

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— —

~ E —~~I —~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~ ~:~~~~~~~:~~~ -:
— - _ — i  — ~~~~~ ~~~~~~~~~~~~~~~— ~~~~~~~~~~~~~~~

: ~~~~~~~~~~~~ — — 
~ -i~~

- 
~~~~~~~~~~~~~~~~~~~~— •~~~— — . — L — - — I~~~~~, - - ~~~~~~~~~~~ / — — —

- — 
~~~~~~~~~~~ 

— — :  -~~~~~~~
- 

~~~~~~~~~~~~~~ ~~— : - ~~~~t-~~~~— ~-: — •~~~~~~
_ 

~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~ E _ _

~~~~~~
~~~~~~~~~~ L :  ~~~~~~~~~~~~~~~~~ =~~~~: i .~~~~~~~~~~

- _ ~~~~~~~~~-
~ ~~- Ez E

-
~~~~~~~~~

. -
~~~~~~~

—
— 

.-~~~~~~ ~~~~~~~~~~~ =~~~~~:— -

~~ ~~~
- —

— — Z ,4 — i  - - —
~~~ ~~~~~~~~~~~~~ ~~~ 

‘
~~~~~~ -

— ~~~~~~~~~~~~~~~~~~~~~~~~ h 1
~~~~~~=

_
~~~

_
~~~~~~~: --.-

~~~~~~f•~~ •
~~~ 

i _ ;~~~~~~~~~~~~~ L~~~~:~~~~~~~~~~~ • -• ~~~ E : E
— — p 

— ~~~~~~~~~~~~~~ —~~~:~~~~~~~~ ;— — : . — — —
~~~ -

- - z
—

- •
~

- —
~~~ 

•
~~~~~~~~~~~~~~~~~~~~~~~~ •;: •

•
~~ 

•
~~ ~ • -— 

~

~~~
—

~~~~ —
•
— 

-~~~•~~~~

-
—~~~~ ~~~~~~~~~~~

-; — — ~~ - .-~ z~~~~~~~~~ ~~~~~~— 

~~

• 
~~ — — ~~~~~ - : - -  ~~~~~~ —~~~ : z ’ .~~. •_ ~~~~~~~~~~~~~~~~~

~~~~~~~~ ‘•~ ~~~~~ ~~~~~~~~ 
_ 

~~~~~ ~~~~~~~~ z
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~
_ •/_ _ _ •

~~~t$~~~~~
_ -.- 

• •~~~~- —— i.~~~~~~~~--~~~ - ~~~~~~~~~~~~_ ‘:~~~~L-~~~~
_ _ — ~~~~~~~~~~~~~~~~~~~~~

~
~~-~~~~~ : -~~~~~~~~~~~:~~~~~~~::~~~~~~ ~~~~~~~~

~~~~~~~~ 
— —

~~~ 
_

~~~~~~~ 
-

— 
- I~~~ 

~~~~~‘-
~~~l • •z~~~~~~ -

~~~~~~~~~r - . i
~~~~—~~~~~~~~ I ;  

~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~— - ~

~~~~ ~~~~~~~~~~~~— 
~~ — — ~~~ ~. - :-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

~ :~ -z:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—
~~~ 

— 
~- ~

-
~~~~ — — J —

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— — 4 :~~~
‘:— —

~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ 1
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• • ~~~~~~~~~~ - ~~~_~~~~~~~ •—~~~ ~~~~~~~~

— - ~~~~:—
~~~~~~~~~~~ ,-~~~~~~

- 
~
- c ..- : ~~~~~ — — ~~~~~~~~r~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— ;
~~~~ —~~~~~~ 

:~ ~~~~~~~~~~~~~~~~~~~~~~~ :~ —

— — 
~ ~~~~~~~~ = - -

~~ r~~~ —~~~~ ~~~~~~~~~

- 1 V~~~~~~
~~~I• CI~~~ -9  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~ 



- 
_~~~~~~~r.v ~~ —~~——- —

T.ch nica l R.port Docu m.ntot ion Pog.
R 2 Go..~ wse nr Acc,s,.on No. 3. R.c .p..nt s Catalog No.

LLES TO~~~~~~~~~~~~~~~~~~~~~~ S O F  :z~~~:~~ 
--

- 
• THE WAKE-SLEEP CYC LE 

- . 
__________ 

-
~~~~~~~~

- —
~

—— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

8 P,, n, • ; p o n  Reps ” No
—.jJ E. A ./Htgg ins  W . D.j t hi les,  J. M ./N cK enzJe~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L 3~ui~~~~~, and / ‘~ ~~ 7 ~~~,9 . P.r lornr ng O~g~~.,zot ,  Nan, . and A dd ,.ss I) *~~*

FAA Civil Aeromedical Institute ~~“

P. 0. Box 25082 I i  C ont r ac t  o r G,afl r

Oklahoma City, Oklahoma 73125 -___________________________

13. T ype 0f Report and P.. .d Cos. r.d

12. Spo ns o r, n g A gency Nam, and Add r .ss

Off ice  of Aviation Nedicine OAN Re ort
Federal Aviation Administration p

800 Independence Avenue, S.W. 14 . S~ .nso~~ng Agency Cod .

Washington, DC. 20591 __________________________

15 . Sap pf .m .nt ary Not es

W k was performed under Tasks AN-C-74-PHY-73, AM-C-75-PHY-74, and AN-C-75-PHY-75.

16. A t r act

~‘Three groups , each comprising five healthy,  mile , paid volunteers (ages 21 to
30), were stud ied for 11 days. Baseline data were collected for 3 days, during which
subjects adhered to a day/night routin i.e., sleeping from 2230 to 0600 On the
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change in the group whose day was shortened by 6 hours (Group III). The Nultiple
Task Performance Battery (MTPB) ind icated the greatest deficit in performance for
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PHYSIOLOGICAL , BIOCHEMICAL , AND MULTIPLE-TASK-PERFORMANCE
RESPONSES TO I)IFFERENT ALTERATIONS OF THE WAKE-SLEEP CYCLE

I. Introduct ion. and then returned to their form er day/ni ght
Because rapid air’ transportation across t u n e  r outine , sleeping from 2~~t to 0600 for the re—

zoIIe~ often necessitates a change in t h r t -  t rav e ler ’s fram ing 7 (lays. The next group of subjects
wake-sleep rvt ’le that  consequently i’esirlts in (u s- (Group II) had their tlay extended by 6 h and

rupt i on of l’ii s biolog ical rhvth i ;i  p a t t e r n s , awl began a new routine of sleeping fror ni 0430 to
because rotating shrif t  patt er ;is are ne(f-ssanv to 120() ; they followed this -  new routine for’ 7 days.
ni r a in ta in  ~1—ii service in many areas, t i re~ ‘A A This is the t imeframe t hat would be assumed
has continue( l its interest in l ) io rhrv t l in l r s , thei r ’  after air east-to-west flight acr oss six t ime zones,
changes as a result of altering the wake—sleep On the fourth (lay subjects in t i r e  last group
cyc le , ant i their relationshi ps with performance. (Group III) slept fronr 2030 to 2400 onl y and

the following 7 (lay s slept fro m 1630 to 2400 ;
II. Material and Methods, this routine compressed their ’ day and established
We previously conducted a study in which the a new wake-sleep cycle thrai t was 6 h earlier’ than

wake-sleep cycle was altered by ’ 12 h.6 ‘I’iris the usual cycle. This tinnefrarne corresponds to
current study was conducted in three phases. the tini efranr ie following a west-to-east fli ght
Three groups, each comniprising five healthy, male, across six t unic  zones.
lmi( l  volunteers (ages 21 to 30), were studied in Measur’enient of heart rate (IIR) and internal
a laboratory setting. Because results of the 12-li body temperature (T re ) were m ade hourly
stu ( ly indicated that some of the effects seen were throughout the study. Dry silver electrodes1~
(lire to the long per’i~ (1 of confinement in tire attached in tire CM 5 position were connected by
laboratory, the data collection perio(is for- this wires to an -‘ vionics Electrocardiocorder, and
stu dy were shortened to the min in n immir  nu iuih er  lIR responses were recorded on electromagnetic
of day s consistent with obtaining the desire d tape. Tape and batteries were replaced each
results. Each group first spent five 10-h days ’24 h. Althoug h h R  was recorded continuously,
training on a psych omotor’ per formance test only hourl y average I’ea(lings were statistically
(Kugelm a schrin e)  and the (‘AM! Multip le Task anal yzed. Internal body tenrper ature was meas-
Performance Battery (MTPB) : a total of 15 hi nii ’ed with a thei rn istor probe inser’ted 10 cm
of training was given on the MTPB. Thi i~ beyond t h e  anal sphincter. Values were read to
t r a in ing  period , which also pn’ovide(l 1111 oppor— the nearest 0.1°C with a portable bridge.
tunit for surb~cct s to become familiar ’ w ith the Urine was collected every 4 Ii throughout tire
laboratory setting and learn the exper inir ental  (xpet’ i iriental Pe1’io(l. The volume was recorded :
protocol. is-as followed by an 11-day (lata cohlec- ali quots were taken , preserved with 1.2N HC1,
tion l)e1’ro(l. Baseline data were collected for’ 3 and fi’ozen fot- later biochenucal analy ses, U n-
days . during which subjects adhered to a (lrly/ nau’~- citte chi olani irre s~ and li—ketogen ic steroids°
night routine ; i,e., sleeping from 2230 to 0600. (17-KGS) were determined l~ - using Technicon
On the fourth day each rroup took a “fli gh t ” in Aut oanalyzer systems . Sodium (~~a ) and po—tire ( AM ! alti tude chamber ; time spent al)oar(l •t assn iuni r  (K ) were m easured with an atomicwas equivalent to that require d for a flight from . -
Oklahoma (‘itv to London with a change of altsoi’ption -enrussion spectrophrotometer ( In str u—

planes at Chicago ’s O’Hare International ~~~~~
. min ’ntat ion Laboratory , Inc., Mode) 353).

port Subjects in the fit-st group (Group I) Subjectiv e questionnaire s included the 10-item
slept from only 0230 to 0600 on the four th  night Subjective Fati gue Checklist developed by Pear-

1 
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sour and Bvars ’° ant i  a s it - n - i t ~i ir’ vcv t l i-v -h qs-t i at anti  subtn’act a th ird n n r n i r h e r  fr ’ounr ti r e su rmi of
lit- I ‘SA F School of A (’rospace Metiit i,rt ’ t lim i t ti nt - fir s t two. l’hu- pn ’ohilenr i e l i - inn- nit  s were lit —

re ftet ’t ed t i re  tt ~~t surhjet’ts ’ j i i t l g n i i en i t of hot Ii th it’ twe emi it) and !‘9 anti were sel e t i rti w i t h  t I re
lengt h ari d qu a l i t y  of —its-p t in e  h ) l ’evio ) i~ ni ght .  ut - st nit ’t ion h i n t ni t- i t  lieu’ digit of mi r e  t h i r d  nu uu h t- r

Subject were t t~~te I on th e ( AM I M ’Fl ‘I at shi onr l t l  be idenn ti c r t l  to t I r e  t -or i e sp ondimi g digit  of
4—l i inteu-vntls in 2—hr sessions : bot h t i n t ’  f i r s t  an t i  eit li ( ’r of t ine  ultst Iwo n r u i u r n l i e u ~— , Tine i r r i t h i ro et i t ’
st-c, intl In of a ~t~~5 ion in vol vt-d t lit’ task sri its i i i  he t ~tsk is ii nr i ( ’l u ric prR’e( I : a ni t- ’’. 1,roLi~— iii is pre—
shown in Table I . Tire M1’PB con — i — I s  of live seui t e t i  -ver’~- 20 s, Hot Ii u-espou se t ni n e anti ac—

cumn ’r L ( ’v are inn eas ur r etl  on t ir is task. Accuracy is
T.~ru,i. 1. - - ( ) ua- - I b u n  Task St- lied t i l e  for ’ All  tle t -nmint- d as a i)(~r-t en it  age of all 

~ 
r ’oblerns

Groups 1 tn • ~- —enn tt-d.
TIO~ ~ P(,fte,i~ ld( /l t?f let i t o’f l) . ‘ru e disi~!av for the

0 — 1 5  I5-iO 30-~.5 ~5-~,U pat t ern id enti f icmr tion task is a screen on the
L~~~.! s ~~~ . - r i ng  x x x x lower left of t i re  subject’s pant-i . Thu s screen

Monito r ing X X X 
consists of a six-b y-six n i ra t r ix  of close-butted
li ghts covered m v  a translucent  panel. A stand-

X S ,
ard pattern an(l tw-o comnnpai’ison patterns are

i f  ~~~ ton presented to the subject in su ccession. He must
Fr o t l em So l v i ng  X S t h en decide if one, neither. or both of the corn-
Tr a- - -

, x x l)a1’~ on patter n s arc the sanne as the standard
(first) p attern and indieah - his answer by pn~~s-

~u ih jet - t l int-i ’. and the ;issoeiated programing ing tire appropriate response button. Pattern—
anti -coring ci rcuui t  i’v. Eachi panel contains t i re  identif ication l)n’ ohl enn n s r une l)n ’esentet l at tine n at e
disp lay s and r’esponst- devices fon’ six diffen’cnt of 1 every 30 s. Both accuracy and response
tasks. each of win ch iflut Y be pu ’esented in isola— tu n e at-c kept on thu s task.
ion or iii any ronirhination of trrsks, The tasks ,- . (.-i ’oup Problem ‘no l? ’ /nq .  1 he trt’our 1~ problenu-are tiescribetl in more t l i - tai l  elsesvhere ;i threre- -- - . solving task involves shroi t —te n - n i r ie n n n or ’v and
fore. only a br ief tlescrnptnon of each will be . . .skill at followuwr a set pi’o ceduur -e. l’ a( ’hr sub j ecttr i% -e n here. hint s a single pushbutton s w i l t - i r  and tin t -ce feed—

11 ii, ’nii i i ~ !J g ht.~. The warning li ghts task in- back li ghts i irounte d in tInt- t - etrl eu - of mis panel.
voives inronitoring of five green li ghts and five In this study, tire five subjects in -achr group
red li ghts. Un der each lig hrt is a pushbutton worked together ’ to discover- t Ine correct sequence
-.witt ’h. The green lights are normall y on and in w-hi ch to pu sh these buttons . Each problem
tire red lights are norm ally off;  the su bject is se j uwnuCt ’ is presented twice in succession. In the
instructed to pu sh the button unndeu’ tIre ligh t first pn-esentationr. the solution plnase, the subjects
whenever a li ghut changes state. Signals were nmni i s t  t le ten - m ii i n c t ire solutionn sequence by follow—
introduced at. u’andom intervals with a mean ing a standard trial-and-error search sequence.
inters ignal interval of 30 5. In the second presentation , or confirmation

JJ, -t~-, ’ j f~~1f0,- h~~. The niieter nnu onito n ’ing phase, the subjects r eenter the previous solution
task involves nnonitor ing of four nne tei -s nnnou i nt t- ( l  from nii ein ory . Response ti m es are r ’econtled
across tine top of the subject panel. Nornnal l y, separatel y for tI r e solution anti confii -nui ation
the meter pointers ate nnoving at i’andonir around plnases. Response t ime is m easured fn’omn tire
a nu n-u rn vertical position. The subject responds pi -eviouls pi ’ob lemnn-s olv ing event. either’ a pt’ohlenn
to a sh i f t  in the mean position of the pointer by in itn otluic t ion or a but ton push . In addition , at’ -
throwing the associated level switch hr t h -  dj _ c-unn ’at-y in the t -onfl rnnation phrase is i’ecorded as
rection of the deflection. The signals are intro- t u e  proportion of correct to total responses.
duced on randoml y selected meters at u’andornl y T o-Dim~’n-t on4’il Cem-penRator ?, 7’racking. The
var ’ying intervals, with a m ean intersugnal in- display for t h e  tracking task is an oscilloscope
terval of I m m .  screen situated on top of the subject ’s panel.

.llentai A i-~t l tmet e. In the mental arithmetic The target on the screen is a dot of light about
task , the subject is required to add two numbers 1 mm in diameter. A random movement is im-
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iau te d to ti n e tur rgt’t . arid fl i t ’  sui bj et-t r u t t t - nn np t s  to n u n .  Eat -In test st- ss i om n was 10 m m  in ) duration
i ’t t i i m r t t - r ’a i ’ t  t h i s  n m r u v n - r i n - u n t  liv r is i n g his i t a n t r o l  for’ a total 1mi—— i h h- st ore of ~(1U , E: u ch n con’rect

u k  f t  ki t-p tine dot at t ire i-er itt- i ’ of t i n t -  screen n ~r - let ‘I ioni w ;u m’t—cor ’det i on mini SI I ~t’ I neil (‘ounnt er.
is  deli un -d liv two t n t  t~ — In a i r s  si -ri bed (inn t Inc face A st’I nishi it’ of -vt- m n I s sI iowinrg t i re  t inn ne anti

of t in t- sen -cen t ). Tire t n - a t - k i n g  task is st-or-ed by fn’ ,-t 1uency of oct -rm i ’m’ en ic e is Pr’e~t’n~tetl i n Figun’e 1.
aria I t~~ i - in - u -ni it i v I I inn t mu cun min i  at e~ m l  egr ’atecl
m l  -ui l i t e t-rt or ant i  innt egr ’ate (i ei’ror— sqnari-tl SCHEDULE OF E V E N  ‘I’SIn rca sl i  fi’s ftn - ti n t- iron i zonta I ant i  ye r t  ical dir r ri - in —

— i on — . I~o ot - nnn t -ann-s 1 inmur-e  er ror ’ is (-onnpute d fm-ou r GROUP GROUP GROUP

Ire em ’ m’or ’— st i ui an - e d nm re as u i  ~~~~ and a vet-ton’ s u m u m I ~~
m u l l - m n — t I n t -  i’. r ’ o n r npnm t e d liv t aking I h it ’  square root 0600 —i-- 200- 2400 4rts e , Urme , Fat ~gue Chec kl i s t
of tint -  suinu of the nmneas ures t f i i or’i z o untal and Sleep Sa r v ey , Br eaklost , Clean Up

ver t i c a l  -r ’m or sqnna u -ed . TIre rat ionale fon ’ using 0800 400- 0200 
uge

t I n s vi ctor s uu mi n  score is th ra t  t Ine integn’ated ern’oi- 000 600- 0400 
MT P B 

Ur i ne , Fo t igu e  Ch e ck l i s t
m n n ’ asnnr - t ’~ 1-epn’e sennt aver-atre hu or - izontal and verti— - 

K ug e l

~J)  + Lunchcal li-tance fn’onrr the cemntt ’ r of tIne screen . There - ~~ 200 800- 0600

for-c. t in t ’  vector summit of these distances would 
4 0 0  2000- 0800 

~ 

MTP B 
Ur i ne , Fat igue Check l i s tt-t - i ) r -e s( -r rt t i l e  h r vp o l  t n t  list ’ of tInt-  t i ’ianng le defined ~~~ 

I

liv th iest- lior ’izonta l ant i %-( -rt i ( ’ln l distances L 600 2200- 1000
- MT PB !Inn t i n e  analy st ’s perf on-n ie il on t u e  MTPB data. 0 

~~ 800 - 2400- I 200 Ur ine , Fat i gue  Checkl i st
t i n - n i i e a s u r r -  irset i svas an equual-variance conn- - 

s.~t!~.L1
ilosite si- inn- i- th a t  was coropuute d as follows : For- 0 - 2000 - 0200 1400 —~~

MTP Beat-l i nureasu ni ’e , an appr -opr iatt - equ ation wins tie— - 2200 0400- 1600 Ur i ne , Fat igue  Check l i s t
r ’ivt- d by ulsing the data for’ tire 3 days prior to W
t i re  sh i f t ,  The equation was developed in a — - 2400 0600- 1800- S

mr)anner 511( 11 that the mint-an) scone for each sub- 
~~ 0200 0800 2000 - E ~— Ur i ne

ject w~n s 5151 wh Ir  mu standard deviation of 100 
Efor ’ n h i u ~t ’ 3 days com bined ( t ime scores wer’e -0400 1000 - - 2200 -

~reflect ed” so that a lan-gem’ scone meant better ’ -0600 1200 - 2400
i) er ’f om nr an cc ) .  T h e  raw scores for a o’iven MTPB - Mu l hp le  T a s k

P e r f o r m ance B a t t e r y
I i  ca — i i  n - taken d un n ’m mr g tint ’ postshr ft plnase of the
(‘X1)ei’ilmn (’flt were t-nnteu’e(l into the associated F’ii ; i un p : 1 —Scini ’cj ume of events
f-i ~u ma t  ion to get a t ierived nrnea sun ’t- , and the (IC—
rived nu reas u rre s wet-c thr en comnb ine i l al-ros s tasks. All gi’oups followed the schedrile shown for
Tire r es u l ta n t connip osite scot t - gave e q u a l  weight Gn -orr P I ( lii  r ing tint ’ fir-st 3 t lay s of tint ’ experi—
to erwi n of the on’i g in r a l  nrr easrrrc s. Tire corn— u ncu t. Each gr oup followed tine schedule as
i lo— i tes  also tended to equna l ize tine thur -ce groups ind icated by group nrrr un nbe i ’ foi tire In st days
as regards the initial val u es of tire scores. Hence, ( if il ~it ~t collection.
t i re  in itt ’i’ I)r’ etation of the scores is properl y made
m r  i-dir t ion to the 3 tlavs prior ’ to the shift. III . Results.

Tine Kungel test esti m ated psychornoton’ pci’- ~
‘tib~~~ c t ; , , -  Fo rms . Figure 2 presents a l)au’

for ’n n uu nnic -e.  The ‘Kuigeliinaschinre ” was a hori— ~n’aphr foi- the tint -ce gu -ti u up s , iur dica t  iiuz the pen’—
zontur l ro ta t ing cy linder ’ containing a rosy of fivt t ’t’nrtage . of tint ’  sIeeii per ’iods th i t -y  wi-re asleep.
m o les tuf graded sizes , Three sets of five steel ‘l’aln k- 2 pn’ t ’seurts the siccp ( lat ir m s  it pertains to

mu Is eon ’n’esponiling m i  size to tine holes in tire t i n -  qua l i ty  of sli’t-p . For each gronn ~) is presented
ev l in dt ’m’ were placed inn m n t m- nv attacheti to the t ine  tot a l t u n e  a S l e -h i  (percentage) , tire percent—
mmnr r u l i i mre  nrear t Ire  base of t ine cvlindei ’. Tire test age of t h e  sit e l )  Pt ’r ’iod sPent in mn oden ’urt e or’
siu bje c t .  seated in fr ont of tint ’ t i-ay. was m u st r ’unct e d tleep sleep. mru ud t hi’ pt ’m’centagt ’ of tine sleep per’iod
to p it ’k i mp amid in st -u -) mis  n’api til v as i)Ossii) le tine spt ’nt. nwaki ’ or’ iii l ig h t  sleep. I)unr - ing the con—
t o  i-m et’ t ba ll in to  :t r orn ’espo nniling row of station — tn’ol period m u i gln t  sleep), ( fou l )  I slept 81.3
ar-v holes 1 inr ed unp  wit hr t inose of tIne n ’otating pen ’c( ’mut of tI n ’ t i nu re  nr u - ai lahlt ’ , ( iu - oi u p II slept
cvl imnd er . ‘1’lne cv ii ind er rotated at 80 m oles per ~5,6 per-ccitt of t h em ’ sieci> per iods , and Gn’onrp
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PERCENT SLEEP DURING SLEEP PERIODS

* SLEEP PERIOD 0230 — 0600 ONLY ** SLEEP PERIOD 2030—2400 ONLY

F n i t  - a: 2,—Mi- ~n ii ‘~i- .  ri’, fri nt Mit-.’1, Mu rvt’y  f i i m  ( i r t tnn i  to t , Ii , mum 1(1 r im (II = r~ ton’ ea(’ir Sri up) -

I I I  siept 95.( lie n -ct-nut of thut  t i m u r e  a vai labl e for mu i -vr a gt-s for’ i’acln group are listed inn Trnb lt- 3,
sheep Aftei’ tint- cina rr ge in -n th u- in’ u -ountine , U to ui p  T u e  du ni l y  ir\’er’agt ’s fon - t i r e  cotit i-oh gn’o u i~. I G m ’oun h u
I I  inni ’ rt -nn .c’tl their  pt -n ’t - entmr gi - of ~Ieep si gunif i— I)  de ir non u st u’ n rtt t ire least va t ’ i ahn i i i t y ,  i -uuni g i t l g
c anr t l y ,  avi-m-ag ing 9 L2 Ien ’e m nt of tIne slet’ j t I nu r e fr’on u i +- .t ; to 10,9 (loweu ’ si-o res indicate gn-att-i -
t hn - fin - st 3 t l n v s  aft em ’ t int ’  c l r nunimie anti  9-4,1 percent i -mi tt-il fati gur e) . Tint - in -  gi-eatest fat i gu ie SV ;is i m n i h i —
f o r  t ire b u st 3 Im n — of tine t-~xIn-n- imnn ent _ (in-ouip cated for tint ’  la st day of t hue exper ’iun re r n t.  ( h’ t nu u i i
I I I ,  win ch n ’t-pun’ tei i t ine gn’ eat t -- — t sleep per-cen t— I I  indicated t m cii ’ g m-t-atest ftu-hings of fati grne
a~ t - , k-nnn on sti ’atet i  l i t t l e  t - iimt nge in their -  t m in e t l u m r ’ i ng  t ine r r u i i l t i l e  of the postsinift . period. (it’ou up
asleep. sit-e~n mr g 9 ; .9 pt ’m’( ’ t-m ut of t in t ’  sleep pt ’u ’ion is I l l  in n i h i c at t - d the ir  greatest fmrtig ue ti r t ’ fir - si (lay

hut- f i n - st 3 t lavs  nrfte r -  t in t -  i - in urnr gt- and 96,0 pei’cennt a f ter  tint ’ ( ‘ in uu r r g e inn t ine  w1rke—slee 1) (‘yclt ’.
fun- tint- last 3 days of tInt- ex i ) ( ’m - imu nent . (ir ’ou ip I
tk -nnr onr st r ’uu te d m i ii ( - h ran i ~ n for ’ t i n e  fin -st 3 i im ny s  a f ter ’  ~~~~~~~~~~~~~~~~~ (1/W/ B, oi-lu-/1t ;(-~,/ Res/ Jofl.n-N , The

tire  ‘‘fi i g i it ’’ t iav s 1.3 ~t’r ’t- mit ) a rid a sn ur n  II in — 
pinysiologica I an t I  1 ) i( icl it — n ii i( ’it I dat a wi-ne collected

cm - ease ~~~ La ’rt ’t-nt ) ft ir ’ t i n t ’  fi n al :3 dnts -~. Grou ps at n - eg in lu r i - t m int- im rtt-r-val s tiui-tnighout tire expel-i—

I in rr t l  I I I  i l e nur t , mn7 t ra te t l  n - at iut- t’ iou~’ pe n ’ct -ii t un gt-s iunen r t a l  per’it t i i . Th is sclneil uu le ahloss -e(l t reu r t run emn t
of sIt-i-p ( 53.-I and 55.1) pt u’t’t ’nt m - t-sIa’ct ive ls- ) of ti n t ’  dirt s i nv Fo u r  i-icr’ urinal ysis anti t leter ’rrnn ia—
n h m n r i i i g  t in t - in -  —hi on - t (%1 2 _ i~ ) slet-p st ’gmru en nt s our tin- t iou of tint ’ 2 4—in t m ire tf peak i’esi~onise, Tire
tim v of tire chiunn ig i ’ . 24-in peak—response datur w-em ’t ’ subsc qrnerr t ly p~’~

-—
.~t gm’ap li of mi’ s u n l t— ’ of l in t -  ~ unIn j et ’t ive  F u n t ig n mt-  i imnm ’( ’d in s u n m u u u u n a ( i o n n — i i i n l  f om - nni at . 5 wlr ic lr is a

I mni i t - t - -r ii— In r ’e st -ni t t ’ti in F’igure 3, rJ’~~ , daily s-ecton’ial i’elft-est-nntatioi i of the t u n e  of peak re —
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T.~it n,~: 2. i~t ’ s um i t —  ~f Siet ’i t Sin n-v ev

r , t  - A , , ’ r I , c . -, M , ,d , - r , , t n -  Awake or 3ut a l M , , d , - ra t , ,  Awake or
l n r , - -7 1 m w , -r in’ ; ,, l 1  ! i , , n  or lIed ’ 111: 1:1 Time or in-c ;  L i g ht
.,s ’,rr A l n n ; ’  S , ~- ’ - :  4 m m ’ ; - Asl eep Sleep  S i n - n - ; -  As leep  Sleep  S i n - n j

I
_
I I ( P - )  ( )  I - )  ( )  ( - - )  ( ) (7)

1 80 .0 1 . - 30 .4 8tJ , I~ 12 , 5 2 8 0  96. U 61 . 4 38~ 6
2 5 , - 2 , , i7 ,- - 8 7 . 0 66 .8 n .2  96 ,0 28 .0

- - 8-, ) 69 , 2 11 , 0 89 ,-. 02 , 1, 1 7 . 4 9 7 .3  75 ,7  29 , 3
70. 0 ‘,8 ,I.- -.2 .1’ M,. 4 713 .4 2 1 . 6  93 .3 77 .3  22J

* 5 1 , ., .5, 5- 4 2 .5 — - — 55.0 2 7 . 5  7 2 . 5
5 0 . 2 78 . , 21 , -. ‘14 , 1 7 1 , :’ 75, 11 98 .7 81 .3  18.7

7 1 , - 1,~~~, ,L ,U 06 .0 7 3 , 2 26 ,8 98.7 89.3 10.7
7 0 . , - 68 ,0 12, 5 92 . 1’ 89 .2  10.8 93 3 7 7 .3  22 .7
8 84 , 7-. , 2 ’, , -- 97 , ? 7 1 ,4 26, 6 97 ,3  72 ,0 28 ,0

7 2 , 5 25 , 0  97, 2 89 .2 10.8 98.7  85 ,7 r3.3
10 01- ‘- 80 , 1- 20, 1- 91.8  90, 9.4 93 .3  78.7 2 1 . 3
11 0 2 . ’ 7 -j . - 7” ,~ 9 3 ,  86 .6 n i .— 96 .0 7 8 , 7  2 1 . 3

* Short I 1 - h 3 s leep ‘siriod ir Groups n and 111.

~~t t , n— - fur -  u Inc 11 i o n s — t i - u t  vt- l Imu ~~— of tine t- xp en’ i— for’ lIR— onn tIn t -  ilay of t I l t -  ‘h i- ep loss ( l) a -I) .
m n u e m r t a l  lli ’I’ jutii, urn tin e day t o i l u r v i n n g  l i i i -  olt ’i-ii loss (I)ay 5 ) ,  01’

‘I’ in t- f i r s t  gl’ounp. win o - lu  t-xpL-r - iemi c t -i i  a n n n t n l e r ’ a t i u  in n both l ia s— t l r a nn  t i re  peak n i s I I i I f n s i ’  t ) n l i e s

— I t c h  I t t — s  u rn t h ni  f t t u n r - t  ii l m n v  uunud u ha-m r mt- i  n i m’nieui  t k - n n u o n r s t u ’ a t e t i  for’ l i n t -  f i r st  3 dinys on’ tint- last ;
to  t i n e  u s u al ‘ i mr v ni ght n- o n n t i m n & - . ser ved a ss  con— lays .

r ’t, l for’ t i n ’  o t h e r -  I W (l ~r I - uI n p ~ . ‘l ’ine ‘
~

‘r -  sun n r n r r a t  i omr dials are h ine se ni tc i l  in
Fi g un n t -  4 i5 a i ’t-pr-cst-n it at atm of II  H data for Fi gunr’t - S for- Gn -onr ~ I , For ’ ‘I’, -- t i n - n t- wen t -  no

t int- i ’o mnt r ’ol ~r n uu i h i %u _ h i  snnb j t - i ’ t s  hi n t limit- I -‘~n nh ) j ec - t  — i g mui f icanr l  ch ar :rt -s i i i  t i m n l ( -  of j a-ak n e s i i irn st ’  for
2 ) t - x h n i h i i t e i l  sl ig h t l y  h a te r ’  ltt muk—r’ i- spomr m’~e tirnnes ar r~’ of t in t -  su rh j -i ’ts t I r r - t u ~ !u o ur t  mi i i -  11 day s . not

even on f i r e  f o u n m ’t i u  dmnv,  svl n euu t in t -  sleep loss

SUBJECTIVE FAT I GUE INDEX ()CCinr l-ild ,

20 G R O U P  I T.siii,n 3.— 1)ail y ~\1(’ani 5,-u:  s~ - ~‘-I nh )jei’t ivt-
F a t i g n n i -  Index

0 
~~~~ /~

‘\ ‘~~
‘ /“ ~~~ ‘ ‘~~~ ~~~

‘ 

~~~~~ u u -o ‘-“-‘ ‘-‘-“l I— -- l - --1 I—’---’ t.—’---i u-’—t u—’—l u—I—i -,‘,-.u Gr~~~p I (,ro 
~
, 

~~ ________

~~~~~~~~~~~~~ 1’- ~~~~~~~~~~~~~~~~~~~~~ Day 1 10.2 9 . 5  11,6

Day 2 8.9 9.0 Y .7
zo G R O U P  It -

Day 3 9 . 3  8.0 10. 4

Day 4*
0 0 ‘-‘~‘~‘~‘ t, ,n u i,.,,, - x ~ .I_4 ~~ I--,4 Ii. 1 l”-’-’-l I—’-’-4 t—-I-”l u,,-I_’t

~ ~g g g g g g g g g g g g ~~g~~a g g g 0  D y  5 9 5 1 0 0  7 4
C o — n o - r , o —~~~ ~‘ - s o  - s o - s o — N o — N o - s  0 N 0

Day 6 ‘0 .2  8,2  9.7

20 G R O U P  m Day 7 10,9 9. 3 I L l

° ~~~ Day 8 10.8 7 .7  10.8
u__ I__I I-I__I - ‘I _ _ I  Z 1 - 1 _ I  i . I ~~I I_-i---4 I-.I_J n”I-,l L-,.I-I r ,,I-u 

-0 0 0 u , ,, 0 0 0 0  2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  Day 9 9 .8  8, 4
0 0 0 0 0 0 0 0 0  ,J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0

Day 10 10.3  8,0 10.6
TIME (CLOCKHOURS )

Day 11 8,6 11 ,5 11.7
F a; i - no-: 3.— Mt- mt m i r eo pt iun su ’ of Sn uu ij i - c ’t s- t- Fat i mu m . - (‘1 n on -k -

11,1 n , n f l n n lc t j t t n l  if tOn ’ if t imu v fi n’ (0 111 1 0 1, II , arid -
- - — * Day of s h c f t in wake -sleep cy c le , fati gue Indices notl i t  ( i t — - i fi n’ t-aclu group), executed ,

A

- -  
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HEART RATE SUMMATION DIALS
0030

2130 0330

2 3

(4  A ~ thc~~es end of

G R O U P  I

Fnut ’nw - I - - - [Ti n rt r :nt - s i n n j n n n m n t i i i n j  i l i a ls fi ,r Grntrj  l~

TI nt ’ t iun nc- . t i f ii~~k u1’s
~ tons-i- for’ 1114 an t i  T r c Was 1,4 1 n V - . I’or- G n - til l  ps IT irnr(l 1 TI. tIn t- m u-an

t n- i’ li tt er ’ i l e f i n n i - t I  t h u m r r u  thn i nst -  for ’ l i i i -  n r r imnm nr ’ v  n i - i dnmn sa i t m int- was  al so 1.4 day s . I lt -au’ t m a t e  is
i-u in — t it nut-n i t  ~~, a tint- freq u mei rc~’ of mac a sun nt - f  I nent t in t -  our lv vu n’ial iii- f in- \s’ll id n t 1 re rei d n mn —al t i ones
\v:n — f’it u n r t i nn- - — gm’i ’a t -r - for tint-s e ( \\‘tn pa n’munui t’ t er’s  wei’e t h e  —:n n ll t- . ‘I ’Iii- s l u n n u u n n a t  j oin dials fun -  lilt
n I r mir n f i n - t i ne  unn ’ inn e .  ‘l ’int - unr ’ir ra r ’v i -i,nj — t i tnni -nnt s finn ’ ~n n - e sino~ - m n inn l-’ig,n n - e ft im ’ ( i m ’onn h t  II anti inn

i n - t i t n ~ i 1, in owevi ’r ’ . diii i- v i i i i ’mnc t-  h t eu ’ tu mn’ i t l r t i ons  inn Fi gu nm’e ~‘ f i nn ’ G r - t t n i i i  I l l .
f l i t -  1s-nk n - i- — l o i n s- i ’ i t n t t t ’ f ’ nn  at Days I an t I  5. Tine Rectal  t i - m u l t i - r a t n u n - u - n ’ i ’ h i iu nus ni  (t c i -u lrr n- (I inn  a
17— KGS . i— m ow n inn I” n g t n n ’ e Ii . wi-re ( ‘ln os Cm r u S  r un e~r n n itf - 1.0 ihiL ~’S for - t i n t -  12 —in  groun~i arid nnn ea n w
m’i ’ i ir - t- s t ’n i tat  i r e  of ni r ’ i nnn n ’ i ’omns t i tu m t ’ m nt  n i a t n n  fon’ of 2, - h an a l  2, ) )  

‘

I lmt ~ — n - i - — i t t - i t i vt - ly fii~ Gr ’ounps II
I n-ou n h n I. an n il  I I I  of t h i s  slu ii~ . l”i gnm m - t - 0 gi l- i’— t int-  sou r—

j ‘Fl i t-  lao hr - -i t t ’ skein its— at l)ay -1 for’ Grou n i n I m r u n t  iou th aI— tom - ‘Fr,. for ’ ; m - i u n n i i  I I  anti Figunn ’t— It )
diii  n a i l  n - u-s t i l t  m r  mrm rv  lon g—nt -min i  p a t t i — n u n  t i i s i n l i t d e —  h i r t - s t -m nt s  t in t ’  ‘I’ ,, s u n r n n n n n n t t  ion thai ’ f r -  Gn’ounp III .
run t - u t f un -  t i un ne  ~f o— u nk r- i’ slut un si- for- nov of tint- ‘ilnese two gm oi n np s  i k ’ m n n t i n i s t r u t t c  i ( ’ r \ s i m n l i I a i ’  Fe—
VI uIimilil i ’- ’ ‘-t Si l t-ti. iii iasun l P a t t i - r n — .  n n i t i n t n u m g h n inn i l i l h lusl u i- tim n ’e et i om 1s .

I [ca r t  n ’u u t t -  m r i lu u i ( -  ;n v t - ny  ru rp al  t u d j n n s t m n n t - u n t  t ( n Snm bje i ’l  S itf ( r - t t n n I n  TI ( F ig um m -t-  I i ) )  stiffer -ed frou ni
rn -w wa kn - — s ii ’t ’p -

~~ c li- ’ - fo r’ t -nr cl u of tIn t -  protocols a si-yen -i- inite st i n n u u l  ump st ’ t u i m n t l  i h i u t n ’ i ’h nea  W in - lung  tint ’
‘. tn n t i i i ’ t I  to  dali ’. Inn tint- pm’t’%-iouisI~ r’t-inor ’teti si u rdv ,  r rn i l  I i i ’  h i n u t t e m ’ n r s  u n n e  rrot t~ pit’uil of the
I ~ - i - — h i  ft — t t i l y. t in t ’  rnneurnr n’ep hr a snl  t inn s ’  fu r’ II  H itt inc u s m l  tile gl’OU~t .
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G R O U P  I

Frc,n -niu - : ~—Roctar t i ’ m u n i i i ’ r n n t n n n ’ u ’  s t n u l l n n i u n t i i i u n  dia ls  f t r  ( ir i iu r p u -

‘i ’ h i i ’ ni n -r n n:u n’ v t’iiri—t it feints 111 ( 1 not pn’t -se mrt p i c— fu n’ Gi ’onup T I l . Figuru’t-s I(. 17. 1 ~~. 19 . ui u ut l  ~ I I

n i - —  for u mi — i n r n n n r n a t  it nn n dials u n s i’ hi - u u n’ —t ’ t i t  u ns p11 -st-nt tint ’ snnm r nr ru uu t loin i iiutii - fttr’ E. NE. I T—K ( 5.
I ii — t - f (it nn nti inn t i m  

~~~ 

i-t uni l v _ ‘l’hni s tii ff t n’i mn t ’t Nun , u n n nt l K’ m’i-spi—i’ tivel v.
- u n t i l  i ii’ i h u n t -  I-  - t h e  s a mn r ~) h i ng f n ’ e t 1nm t - n n t ’ y ’i- l i- l ung P-o- !/ c/ lo , I to t oi ’ I’ ‘- / o ~ uhf/ill . . ~ it iuonrg i n  i-nu ll inn-

n- u - i n n - i ’ d  to  on - ‘ mu - h 4 ii s ix  s u n n n u p l t ’ s i t t -n’  i i a ) : h i v i d ni u n l wIts giv i -m n ( I I )  I n i t u l  —i’ssl i ftS t i m t i n t -  Kung t ’I
ii i  ! ; i -  i~ In s l i mi l y -; n n i n h ) h t s -  w t ’ i t ’  ( ‘t ) hi t - (- te ( i  i -uu ’ln u n p p u n n ’ u u t  us t l u n m ’ i n i g  t i n t -  t f u n n i n g  pt -u ’ioui ( m a t  

~
n

~
-.’

- Ii i - i , h i l  _ : t I I i l i I t s pi m’ t l u n y ) .  Inn G r o up  11 Sub- i-i-tied l i i i -  e x h i t ’ r i n n u t - m n t u u i  p l i un ” i ’  u i f  t ines ~ “ t iiihi i ’ .
S c i -  i l l  i

’
t i~ pa r t  of li i i- data t’olle -tionn fl it- li--u u’un i nn u r cli ’ci’t w i  “I l i i  ‘ n h t i t ’ n i ’ t - mi t  t t i  t i n t ’  t u i i i

i t i n t i a l  a n t i  ~~~~ i’ i 1 u m i  -t tuni,ulni i m n stilts for , i i i i i t  of 
itt t i n ( - e x p u - m ’ n m n n e n i t .  I’ v -n n t i u o t r g h n  t i n t -  n in i ’ an n  u i u u i i y

i i i ’  p un u ’ n n t l b ’ t i ’ u - s : ’ , n l s t i . inn G r ’ i t t n i t  III. Su n l i j e t ’ t  f s i ’ t i f ’( ’ s  sh i t n ~r i-ul l i t t le  on ’ m o i m nn l t r’ t tv c nnn -mi t f uuii n
l v i —  f’i ,uiu n il to Inave m m I u i i ’ i i s t ’  inn I i i— nn n - ii r e .  w l n i c l u  l ) :u v  7 to 9 ft t r ’  m u l l  I Inu ’ee gn ’or mp . s i ’ t i i ( ’~ uI ; n inn

- - ni t ~- u - f - n - - i  ivi t h u si i n iit ’ itt ’ flit ’ h i i t o ’h it ’n ii t ’uil :n~~:n ,~s. i nn rut-inst-il urn I);nv~ i t t  an a l  11. Tin t - n t — u h f ”  of t i n t -
11: 111  ii -u n h u t r -i y tint ’ 17- K( 5 i h i - t t - n ’ n n i i u i u u t n o n n s , j tsy t ’ in t tn i i t ) t i t i -  I i t ’ n ’ f t t r ’ n u n u n n u i ’ e  t u t ’k u n i t -  i tn ’es euilet i  inn

‘ i ’ i n t -  s u n n u i n n n u t t a t n n  t i i ; u i —  f in n’ t ine  ur r i n in r r - v  (‘013— t ” i g t mn’ t-  21 nr nu t i  ‘I’~u it I i — -I.  P u n t t c u - u n s  for’ i t t -u uk  pt—n’ —
—t i t  t n t - r u t  — t n - i- f’oumn n t i  inn  t i n t ’  fu l ] i t ~v iun i! t ig u m n - t ’ s : 1” uir ’  I’o r ’ i t r u n n u t ’ n ’  u nt  un m~- i ’ - t-u n t m in t -  t n t  i I : u ~ ~vei’e ri ot u ’eu nililv
Gu ’ ti u l l i  II. I ’igunr ’e s 11 . 12. h :; .  i t . u n i n t i  I i  ~2 i ’ t ’  t i nt-  I n i i i i u u n ’ u - n n t .  I f i t w i - v t - n ’ . inn g ( ’ n nt ’ n’ u n i .  t i~i- fir’ — t pen’—
— u i u n t m n i u u t i t t u n  t h i n  Is t on -  t - p i n i t - i d n n ’ m n n t ’  ( E )  . m n t . n i n u ’ p i n t i ’ - f t i m ’ n u i u n n n c i ’  t n f  t i n e  iIuu \ was I lie i t t i t r t ’ st fu n - i ll
i u i u r ’ i n n t ’  t N E ) .  1T-K( 5. Nut , u u n n i i  K n i - h i t -u i v i ’ l y :  gr ’i t n n p s  t ) ur t int ’  t i n s ’ t i n y —  wh en l i n e  sun ih j (-t ’t s went -

- - - -  — ~~~~~~~~~~~~~~~‘ 6o (O s5’4 . -
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17—KETOGENIC STEROIDS SUMMATION DIALS
0030

2 1 30 0330

I83:~~~~~~~~~~~~~~~~~ o63o 

2 3

A indicates end of
control period.

GROUP I

Fnot’ sn-: ~~~ 1 7’h ’t t i  g u n  I i i ’  stu n’ ii it s  snrrn u n niuut  f t urn (h ats ft ir 1 ;roup i -

all sleep ing fr’ onui 22~~l )  to t ) ~~I t I )  amid wnts u n — t i n i l y  T ) ui ~’~ S — i t ) ) .  Ti nt- final t l a~’ of u-sting . I)ay 11.
line  poorest perf orin n auret ’ sh ort ’  fu n’ ( i r ’oump I wu t 0  i in ’i n l t}tei i  fm ’ om un tint- nrnnnlv ~k because of the
tin  no t mgh tine r ’emr n a in ntl er t if t ine expt ’r i m u u ent .  For’ i x  I nt cl i-il ‘ t- unn 1 i-~n ui n’t ” et lei ’t Ii m u  1 nec aunse of m iss—

in ’ii n i i t II , the poorest p i-r fom’n un anct- of tint- day iun ~’ tinu ta for ’ s onu nt-  gu’oun ~ is. Tire (lat in for tlresc
Il- ut s~ a iso t ine  f irst  

~
a- r’for’ni in rrce . alt  lion ig i u a ft u n ’ : — t I u n r - hi l t  s’ks m n -u- sin wnr grun pin i t i n i l y  inn Fi gu iu e  22.

t in t ’  t ’hiange its ti n- st sesi— iit rn ~s’as at 1300. For’ l’:u r r i n  ; l— i int v blot-k tif u i n u t a  w’nts snni )iecte d to ~in’ou n p I I I  tint ’ i)otnn ’t -st h t crf fn n ’mi ra n ce af ter’  t ine Li u n i l u i u n i s t  Type \‘ I u tn nnt l  v—i- - (if ~~~~~~~~~~~~ In
~hn ift Iv u n s e i t h t -m ’  t ine  tl nin ’t l am ’ f u tu in ’ t h n  — i ’ s s i t i n f  oh ’ 

~~~~~ n u n n n i v — i — . t i n t -  f oh i t iw ’ing sti r mr’ t ’ e— of var iance
lii’ t i n , w in  mi i i  (1Cm i n - m i d  it  I 35) I I )  a nut I 1300. ( )n u rr’ t ’n ’i ’ it ien m

’
t i fi t -il : ( 1 )  “ mm I u~ect s, (2) gui trip s , (3)

hut— I n s t  2 h a y s  of tiit ’ t x l t t r u i nn e n t ,  Inowi-vem ’ . (ui ’ on u j t  Itu-t wi-i ’nn sn ni t p- t - t ”  w i t  h i m  ~ n - i i un i n s .  (1) wi t ln i m r  sub—
I I I  l u nd i t s  ltoon ’cst pt ’n ’for ’nnn ui nr ce t in t -  f i r st su s s i t n m r  

~t - i - t ~~, ( 5)  —~-~~1~~s- ( for m h ut - n -  t1 nt~’) ,  (6) periotis
of t in t ’  i in ~’. whnic hi  W I ts at 0100. ( I  Wa ~ t ’I’ st-ssiti un ) , (7)  St_ s_ ions X l)el’iOtis. ( 8)

.II t i / t ; ~i I -  Ta-o h’ / ‘i / ‘ t O i i i b ( /  l i t  flu / / I l7,. ‘I’ine — t ’—— it tn i’ x gu’t tnmpu — . ( i t )  pt ’m ’iouls x groups . (10)
- i t n l m i h i t _ i t i ’  —-I ’(t r ’cs for’ m n u n r i t i i t k - task l tu-r ’ f o r rn u m t tu ce  — i — — l o r i s  ~ per’mt ~ hs ~ gr -our ~ns . ant i  ( 1 1 )  appropn’mate
w t n t  - I in’u u h- a-n n (10 %Vfi i n n t (t 8— I:n v l I t  i t -k for m n n m n i  a ist-s m i n t  tm It ’ n ’nn is f i n n’  I hut-  w’i t in  i n — sumi  j ect e fl’et’t ~~. ‘Fine
i f  un t i: t l v”i~, ‘l’i s’ i~I~~’k . inn -i - tint- :1 tlnn ys prior’ to i i n ’ o h i u l n i h i t y  ~‘nI uu es ft n’  eat — in of the urun t i n i  and
l i i i ’  t i i i n i -  shrift . t in t -  3 lays di re el I ~

‘ fu t i  low inr g tire inn Ic i ’nr t ’t j our t ’ ffei ’l s It in’ er ich t ntnrmr i ysi S nr~c sum—
$ t j l i u n -  s l u i f t  ( Days S—7 ) . ~rnd tint ’ rnex t 3 i in vs  ui iau’ j z e t l  in T :n itle 5, TInt’ only sign ificant dif—

8

~ 

_,,,~~~~ - -  , ~~, ~~~~- -- -“- .—4- ’±~~k, i’ nnJAu!lj I8lu!itisn,Jjnuj IilIj lld
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HEART RATE SUMMATION DIALS
0030

2130 0330

2 3

1230

~~~~~~~~~~~~~~~~~~~~4~~~~~~~~~~~~~~~~~~~~~~~~~ 5

~ Indic a tes end of
con t ro l period.

GROUP U
I~’nt u’unE 7 - - mn u’mu r’t n - mitt ’  s u n n u r n t m t t  it in I t liais fur I n’utlnp 11.

HEART RAT E SUMMATION DIALS
0030

2130 0330

J 

i83 :q 

0630 

3

A Indicates end of
control period. GROUP III

I” lGn’ unE S,— J i i nrt  n - m u t t -  s t n u n n n u t m t t i i u n  d in t -u f u r  t i r ’ i b u n l b  [I f .

9

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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a1

RECTA L TEMP ERATU RE SUMMATION DIAL S
0030

230

~~~~~~~~~~~~~~~~~~~ 4~~~~~~~~~~~~~~~~~~~~~~~~~ 5

A Indicates  end of
control period.

G ROUP U

1” i t -u itE 9,--  - i t t  ‘ i - t u n i t t - n ln i t u  -r atu re s u urnnnn l a t j i  ut n dials ft ur 0 rtnu lt Ii,

RECTAL TEMPERATURE SUMMATION DIALS
0030

2130 0330

183 :q:: 3o ~~~~~~~~~~~

In dicates end Of
Contro l period. 

G ROUP ~~
f- ’ n i , i  mc lO .— flt ’t’tnui tu’rnn t it-n’ ~tttnm ’u- — u u n i i n im i I i u i n r u lfals fi n ’ G ru ifl it I ll,

1()

_ I

L _ _ _ _ _  _ _ _ _
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E P I N E P H R I N E  SUMMATION DIALS
0030

2 13 0 0330

I83:~~~~~~~~~~~~~ :63o~~~~~~~~ 
2

5

A Indicates end of
control period.

GROUP U
FIGUR E 11,—};pi nnu- i i fn r i mnu-  s u n n n r n u t i u u m u  dials for Group H,

NOREPINEPHRINE SUMMATION DIALS
0030

2 130 0330

83o~~~~~~~~~~~~~~~~~ :63o~~~~~~~~~~ 
2 3

1 230

A Indicate d end of
control period.

GROUP U
Flat-RE I2.—Nort’plmuu’~uI m r im n t - -u umr u nn unt iu uuu dials fu n’ (trump II,

11

________________ ______________________
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I

17-KETOGENIC STEROIDS SUMMATION DIALS
0030

2130 0330

0630 

2

~~~~~~~~~~~~A hn icotes end of
GROUP U 

contro l period.
I”mGT’RE 13.—17-k’t tog u-n nfc st u ’ rt itls s u r n n n m n a t i i u t u  dials for Group II ,

SODIUM SUMMATION DIALS
0030

2130 0330

Q 

2

‘I

4 5 V\

Indicates end of
control period.GROUP U

Fmot-nini 14, —Sodltn rn ,s r m n n u mn n nj t lun ru tilal s for Group I f ,  

~~~~~~—~~~~~~~ — -  ~~~~~~~~ - - -  --- -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



rp- —---‘—-

~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

POTASSIUM SUMMATION DIALS
0030

2 130 0330

2 

3)

( A Indicates end of
) control period.
/ 

GROUP U
Fmc.u ’nii: I 5,—-I ‘uu ta s ’ s l n mn u ‘ u m m u n m n a t l u u n t  dials for I r tuu n p 11~

EPINEPHRINE SUMMATION DIALS
0030

2130 0330

63: 

Q

~~63o

1250

A Indicates end of~~~~~~~control period .
GROUP ]fl

Fmnt -rw , 18, — Eplrnt-pln r f  nit - suunununt lomu dials for Group III,

- -~ - .  13

L --- -~~~~-~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~~~ ~~~~~~ -- - - ~~~~~ ~ ---—- -



“w’~n . _- ,’ _ _ , _-

NOREPINEPHRINE SUMMATION DIALS
0030

2130 0330

iS 

2 V 3

1230

A Indicates end of
control period.

GROUP ~~
FIGI ‘lI E 1 7,— —Nu t I ’t ’pliiu ’I ilui ’lnn t ’ s t i nn i ru n nu t  i - i n n  ( l int  Is for I t r o uu fn I I I ,

17-KETOGENIC STEROIDS SUMMATION DIALS
0030

2130 0330

2

A Indicates end of
control period . GROUP Ut

Fran-irE 18,— 17’ k u ’ tuuru-utlu ’ ster tuitis s t nnrmn nun r t tu u u t  tu ni s for ( irun r rp I I I ,

14

_____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SODIUM SUMMATION DIALS
0030

2 130 0330

2

A Indicates  end of
control p eriod ,

GROUP III

f” it ;n ni~: t !i  S ‘ u i n n n n i i  — i n n h h i :’ t i - i - Itt ) ’ n - . r  u r ..u u i . in

POTASSIUM SUMMATIO N DIALS
0030

2130 0330

7£

A Indicates end of
control period . 

GROUP III

Flat-RE 2( 1. - l’ , i t u n s — i u u r u u  ~:nn i t u u n u u f i , n  ‘ i i : u k  f i r  ( t r u . u u l t  I i i ,

15 

— ~~
- - 

~~~~i - -—— -~~~~ - --~~~~~ -—--- — -



~~~~‘ - -‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘.— -, 
- —

T_ IlnI _ E -l_ -— ~rs1eann Ps~’t ’hu t inr n ot ( In’ P em ’fon’ mmi amuu ’t ’ Si’t ,n’ t’ i’

Group I Group ‘I I Group I I I

T~~~e ~~~~ Thnt’ S~ ort-  Tth~~ Score

0700 629 0700 545 0700 646
1000 641 1000 608 1000 681
1400 647 1400 562 1400 669
1900 655 1900 542 1900 691

X 643 ~ 564 ‘
~ 672

0700 663 0700 562 0700 660

2 1000 658 2 1000 597 1000 696
1400 631 1400 597 1400 678
1900 665 1900 615 1900 692

! 654 ‘3~ 593 1~ 682

0700 611 0700 591 0700 696
1000 695 1000 635 1000 726
1400 695 1400 627 1400 715
1900 695 1900 653 1900 733

‘
~~ 689 T 627 ¶ ns

0700 666 1300 622 0100 731
1000 688 1600 666 0400 693
1400 691 2000 674 0800 

- 604
1900 690 0100 666 1300 702

~ 684 i 657 1 683

0700 681 1300 652 0100 711

6 1000 690 1600 683 6 0400 728
1400 692 2000 676 0800 643
1900 689 0100 676 1300 132

~ 688 ~ 672 1 704

0700 688 1300 660 0100 759
1000 693 1600 699 0400 751
1400 704 2000 685 0800 745
1900 713 0100 691 1300 736

1 700 1 684 7 748

0700 699 1300 680 0100 782
1000 708 8 1600 673 8 0400 753
1400 689 2000 681 0800 703
1900 709 0100 683 1300 715

‘1 701 1 679 ‘1 738

0700 697 1300 670 0100 756
1000 721 1600 676 0400 766
1400 715 2000 719 0800 727
1900 722 0100 689 1300 725

1 714 1 689 1 744

0700 737 1300 710 0100 742
1000 733 0 

1600 700 10 
0400 777

10 1400 741 1 2000 723 0800 751
1900 735 0100 689 1300 743

1 737 ‘1 706 ~1 753

0700 729 1300 693 0100 737
1000 755 1600 729 0400 771
1400 753 2000 724 0800 773
1900 773 0100 701 1300 776

‘1 753 1 712 ‘1 762

16
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ft•r’u~nmi ’t- h u t - I  weenn groups Wit S inn tIne pn’esiuift data
PSYCHOMOTOR PERFORMANCE this n- t ’ sumit is t ’ hu ’ nn’h ~’ an ar t i fact-  of the n’etluu ’tiomr

i t  I’ I Iii- hut -I wt-u’nu - su nl tj et ’t s ~‘ar innnui’e to t’s st- nnl iahlv
G R O U P  I 

~~~~ 
zt’n t i  fan’ l in e  i im ’ ( sh n 1 ft p hn n tst- causeti Ii C In c n n ie th to t i

,_— ~
, ,‘— of co nni p ni l  in ig thi  coun ipos ite sm t im’u ’s . F’or’ all

600 
- 

~~~
‘ ‘

~~‘ ~ I m ice p hnu nst ’ s ( if  t ine exp i ’r’ mnuie r u t . tint ’  session s effect
anti ! t i n e  i n n  to n-act iomn a f st -ssi t inns  annul  gn’oui ps wo n_ u ’

,o U — ~~~1 — ~~ — — — — — — ‘ -

~ ~~ = :~~ ~:: ~gg ~:g ::: g~g ~~g significant itt tInt ’  .3) 1 it ’vei of conifn ti enn ct ’ . l ine
st ssi onu s ,x per’iotls ’ tm nt i  t I n e  sessions x periods x
gi ’tuu ips i n u t tm’n tc l  loris \v -n ’t ’ si gnif icant  inn t ine  two

800 G R O U P  U po s tsin i f t  3-i h ! v  lilocks (p <.01 ) . ‘I’Ine periotis
U) 100 r ~~~~ 

~~~~ ~“ t -Ift ’ct was si g mti f ic ’ amn t  for’ t ine pres inift (p <.Ol )

‘°° t~ ~~ 
I” ~ arid tine I)ntys 8--lO blocks (/;<.O5). an(l time

500 — ~~ p -n ’n~ ds x gm’otm}t s nn n t l -n ’ac tnonn  ~s’as sn gnn fr can t  for
~~~ ~~ t i n t  first post~h n i f t  block (p < 01) h int gt nnera i

0~~~~ ‘  0 picture tlnat enun e-l ’ges fn’o iun ex ammu inati on of the

800 G R O U P  ~~ figures is t h at ant the av (-n ’utgt - . Gn ’outp II (east-

~~ \,,, -~ 1”— r’ west-) was least affected by tine shift ; inn fact,
~°° t/ t~ \/ ‘V t inroug ht out the stut ly ,  pen ’forniance was nt u’ it lu ’
600 nn et i c a l lv  l i t t l e r ’  m inaint a ine i l  b Group II t i t an -

500 — — h t in e  ( ‘onntl ’ol gronup. Because of tine significant- -

!~~~ :~ !~~~ !~~~ ~~~~ !~~~ :~ !~~~ ~~ :~ 
t t n p lt m i t t t r  t ( t lon fot botin tine postshift blocks,

TIME (cLOcKH O uRs ) imnterpn’etnntion tf tine -essit)nns x groups interac-
tion is ulifficu lt ; hnoweyei’, the dail y pattern of
( ‘m anures tn~’e r s(- ssi (int s t r emte r’all y was differennt- for

f’ i (;I RE 21.— -—Mu-an n l ’syt ti i  r i :  - n o r  i ’eu ’f t u r m n n m i n i e u ’  su ’t rt s mis a
ft m rnet i u n n uuf t ini n t - uuf day f u r  Gri ut ifis I , i i , arid f i t  the thn r ’ee grou1~)s. On tine average , the perform—
( r i  f u r  i-ui-in g r uu n i f t  3 -  ance of Gm’ou mps I an ti III declineti over the

MULTIPLE TASK PERFORMANCE BATTERY

~ ~~ 
Days -3 (Control period ) - Days 5-7 (First 3 days postshift ) Doys 8-h O (Second 3 days posls hift )

520 ‘—a - -~~~~ ~~~~ 
~~~~~~~~~~~I - ~~~~

1’:~~~/

420 0’—O Group l 
- - 

~~~
-
ba~ 400 0—0 Group U

360 e—’ Group lU
~-‘ 360

Group l ~ g ~

Group U ~~~~~~~~~~~~~~~~~~~~~~~~~

Group m ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

TIME OF DAY (symbols are at beginning of each i—h our test session)

- ui: 22. i_ n nm nt I ~t lp ‘I’ mt sk Pt-u -ft u rnnn mu nn c t ’ fin Ch ‘ry unit-a in etuunupuusi to uu’ rft trnuna tn t-i - si-tin -u’s as a fuurct lomn of tinrt- uif test—
nt ~ f u r  I ~n i  i i i I i ~ f , I I , amid I i i , ftur tine - uun i tr tul  ~i.- r Iuitl , t lu , ’ t ir st 3 tl ays ito,st s luift  m t n i d tin t - s -connd 3 days ~irus t slil ft

( i i  - —
~~ (t i n- .‘ntch group).

17 
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‘I ‘.~ inn p: 5. - Sutn i tntt nn nv ‘Fit) the of 1i 
\‘ a (tnt’ — f i u  turn  / ‘/t 

~
j -

~ 
;o fo ’j  t i l /  1/ flu / 0 / ~li Ut it’ll / I:~ U/ U  / i  ) i  U ,

-‘ n n u u h v ~-t ’ ,-- un i ’  \ ‘;tn’i n t n nt ’e ~\ ‘i t  in l i n t ’  t ’x c t l t t  i un iu  of 11 i~ t h ; t l n t .  wi n i t’ hu u t - n o u n—
—I n’ n t l t - t h r u n t  m i - n’  iui ~ i i i i  m t t h j u n s t m n n t - n u l  — lo u ’ n i l  ~i i t i t n ) i — _

t i n t ’  n’ u ’ i t h i m t — m t i  I n u t - - — fun’ ( i m ’o ti h s- h i  m u n i t i  J I !  m t p i u t ’ m u r ’
i r ~~p~ - O n - — —  — — —  i t ,  h it— — i i t i n ’ t u ’ i ’  t h n m t m n  i lint r -t -t 1 niin - u - tL finn’ 1 lit’ 1 2 — l n — — i u i l ’ t

on on , o u ~i’titi p . l b - t - l mt h  l i n u u i t t ’ i ’ m n l t i i ’ i ’  i u t i ’ ; t s i i I ’ ’ i n i i ’ i i i - ~ li i i—
on _ — —  o-~ i i em tr’ t ’ t l  Ia du-n n n t i n n — — I m a l e  a n ’ i - i t l n m t s ; t i  t i n n u n ’  u t n u i ~’ omi t ’ —

p~r ~-a~ 
___ c i  ~ 

m all’ is hong f in n’  t in t ’  t w o  h — h —s h i f t  gn - t i i n~i~ mi ~ I t im
l i i i- 12—li—shift i r n ’iinu i t _ It is tliflk’ ui It t o  nu n a k i -

- r - - - p 01 ( 1  01 , .  - - -

- - 
t i u t u n ’ n u t n u n m t t  t i n — t u t u ’  tint’ t t n - i m n a u ’ v  -i i i — )  i t  it-ni l— -

- r u ’s  , ( I  
~~~ i n n t ’ m t ~~u i n ’ u ’ t l  h i i ’ t - nunsu-  i ii  l i i i ’  fu-wi’n- -u t i ii h tl t -- - u’n,li u’t’t t ’u )

-‘ - r .01 0 1 h u t - n’ su u ) t j i ’ u ’ I  m t n u i i  t i n t -  s n i u n t i h  nnn innnhtt ’ n ’ of s n m i i j t ’ i ’ l  - inn
t ’ m ut ’ ( u  gn- u i n m p .  ~ f t n u t - i t ’ n - , it m t l t l i t ’ i t n ’ - i t  itI- ~n~ t m a t

t - i u i n n - - t-  of t lut ~ u’ x ) iu- n’ i muut ’ rn l  tvhuu n - t - ; u s , w i t i n  t Int ’  cx- t i n t ’ l i - G~ m u g m n i n n  r - i ’ t ç i m i n - i - d  l i i i ’  iomn ~~t ’ -I r t ’ i u i a t - ; t h

u- i - l it  ioni of t i n t -  f i m u n i  su’~~ n u t n i  u t f  l i i i ’  u la ~ , t int-  l i on ’ - 3 l i i i ’  t i f  t hn i t~t - l i i - ; u m m n t ’ t t ’ r ’ s n n i t ’ a i - un i ’u ’ i l ,

f’u t r ’ n n n a n n i ’c t i f  I ; r -t u~~t h i  tt - :u~-- nmua i n u t n i i m u u t )  - —— - t ’ n i l  i ; n i iv  II  \Vlt ’ ;u nu t i t’i i n ut e t ) t ha I  ( i m ’ u n n u l t  I i i .  finn - tvh uit’ i u
‘at t i n —  l un’ t ’—I u i  t’t h ev — Is liii ’ t i n — ~~ i i — I  ~1 i i  ft bl u )t ’ks itt ’ I m u’ i i n ~ ’ tv ;t s : - i in in h t n ’ ( ’ su -u ’ t i  by 0 In.  t t t i n u i t l  n’t t 1 n i i n ’n ’
t i l t ’  ~‘t u n iv . ann m t t h j n i — t  m it -u t } i t ’ r i a u i  gm - t- n t l t ’n’  C h n r nnn t l u m t t  t ) f  Gn’ a nn i n

II .  t’t t n ’  w hn it ’ in tint’ dtt~’ W-;ts h -ni g tltu ’nnt ’d l iv  ( Ih
IV. Discussion. En ath iu ’r’ — t i i t i i t - ~- U U - U  in vo lv ing  ;t ctur :tl t h un t -  zanu e

di sh dni ’ i ’n i i t ’ n t t  — . t in t ’  ~,! r ’ u i t i I t s  I n ’mtvi ’ l i nn ~r f’ i ’ann tv t ’ —I
,s ~‘,; t;~ ~ ‘ Ui-I/i s , ‘lint ’ n ’u ’~n i1t of t I n t ’  sleep I i i  i ’~n -l  t h t ’ u u n o r t - u  r - u u i u - t h hu t u n i r t ’ n’  ;tt l ~t i s 1  m o u nt p eu ’ioths

—n nn -v t ’ \- set— inn t o  i nn i ) i r n i t u ’  g ui t nu l  mtil j u n—t  min t -n i t  ( inn the m~~ u t i n t — i ’  i - n t l - t ’ h i n i t r  f n ’ u i n u u  i _ i n _ _ i t o tve—I , This
m i n t  tnt’ t i n t ’  — t n h t j u ’ t ’ t - —  t in  I m u ’  lntlian ’aton’v st-I t  lug. w i ~ m u tt t i n t ’  t - u n — t ’  f ar  ar m ’ ‘I’,, . n u u u ’ n n s i m n ’ u - i n u u - n u t s .  t iOi ’

in’ t i n u p  I t ’ u t n u — i — t t ’ n u t  i v  n - t ’ 1tu , u ’t t ’ t I  a k iwi -n’  ~t u -n - i - i ’ni t nn gu- 
~~~ i n  t i i s u - t ’ n ’ m n i l t i t ’  f r’ t i n i t  t i n t —  at hut-n -  p invsi o iog ical

of —l i- u - i n  t h in - m ug t i n t ’~~!n- u ’ h t  pe m’iot hs.  h iu t w u ’v c r ’ . tint ’  ;t nnt t  h u i u t u - h n i ’ r n i i i ’ n t )  n i i u ’ un—n nu’ t ’ nn n i ’ n t s .  ‘i ’lnu -n ’e went ’ cv i —
n i i u ’ ani  iv a- . t h a n ’  i n n ’ i n i i n tn ’ i l ,v to ( uni t ’  i n u t h i v i t l u n n u i  th u -n i t - u - —- t u l ’ I i i i —  n ’ t - i t i i n’ It ’d t n t - n i l  inn t i n t ’ - fa t ig u e

1 ~‘l ni j t - i - t  of ’ n i i i - .  i,r n i n i ) t . l i e n u - h i a n ’ t t - t )  sh t ’t ’i t in i i !  i n n t l i ( ’ i ’ s , ( i i i ’  p s v t ’ I n t t n n i o t t i n ’  t i u ’ r ’ f a n ’ n n i m n u n t ’ u ’  task , n i n t h
i,nnI~ t i t a n  I - — l iu ’ r ’ u - i ’ tn n t u f  t i n t ’  - . l t - i ’i i  l i t ’ n - i t i t ) s  t I u i n ’ i n u g  I I nc M’I ’i’J~ n i ’ :in lt s,  P t ’ n ’ i in m i ts .  t I n t  n u t i j u n s t n n n u - n i t  of
t i n t - i n i t  n - i t )  lit — _ , ‘t i i t i r i i  IS ~~~~~~ t h u m n ’ i n n g  t in t ’  

~~~~~~~~~~~ i t n t n _ - n n J n t - t t n ~ \V1 i s t i t ( ’ i l h t i t t P ih  bV
I i i  -1 I l i ~ - ;i f t i ’n’ t i n t -  “ f l i ght ” day . a n a L  5 3 )  I tt-u - - ( ; n ~t t i h t  I i I ’ s 3i ,~ ) i s l ot- i n i i u ’ u i t t t l  t i n t  t i n t ’  u i av  of 11w
u ’t ’ Ii t  k i n  i n i ~ i- a - in t u f  tint ’ )u r-t uiu n y ~ of t int ’ cxp i ’i’i- 

~h i j  f t  (‘ lu nt n iL r e . Th is p i ’ n ’ u n n i t t ( - t l  ;t h - in  sh non’ te nu i i ig
nnnen n t ,  ( ) n n t i n t ’  i t t  hut -n-  h n : t n n u l ,  hi ’ u l i t l  nuot m - t ’ i t t t n ’ t n t n i v  of ti n ’ i1it~ n ’at hnem ’ t i r n i n  nu n I S — i n  h u s n r u r t i n t -nu r n u t  of
~~n i ~~ t ’ - t  iv t - l i - i - i i n n ~ of fat igtnu ’ gr ’euntu -n’ (ma n I lint ~f t i n t -  lnt~’ ’,t~ u n n i u r i n t  iu nt vt-  li eu-r n ( ‘xp( ’n ’it -int ’t - i I w i t h ou t
m m i v  u u t l u u ’ n  n nu u- n t n ) u I ’ n ’  of I hu ’ g n - t i u ij i . muon’  w i-nt ’  n i nny of lit ’ slt ’t ’~t pt- n - iou . It h i i ts  i~~t’ii sti ggt-sletl t i i : n t  titt’
b i n  h u t  — n u u l t u ~ iu ml tin hints in nunn ( n l n it u n n m t m i n u  n i t s  it , nn ,,rt n i t  h u n  t i 1  t u r i n  s n e q n u n n  ii f u n  ~t e.t i t t  t u’— t

nu n t  t u f  I nn ut , I r a  t’el carl It I well it t-  mt fu rnic t  i ann of t 1w sd u ( ’( ltm le(1
n’ u u t u h ,  I — i t )~~t ’i -t~ t h i ’ m nntunns t  ra ted the  least m m —  f l ig h t  t m i n t ’ s, 1- vu - nninr g  fli gh t  s f r o n n u  l i n t -  east coast - ‘

t u n u I m u m -  t i ’a i i~’ i nne a n i  — i - t i n - i’ u,f tInt- Snihji -u’tivt of I hut ’  V n u i t e i )  S t a t u s  m n r ’n ’ive inn Eunr opt- inn t ine  ha te
Fni t igu ut ’  h n mulex  i u u ’ t - u t i n — u ’  of t in ’ ex i u t -n ’ i m i i -mi t a i  l~ ’~— u u t u u m ’ n i i u i g  I n tun im ’s  u t f  t in -  f t >h l aw i r t g  da y. If one
t u t t ’ . n i ,  I n ’ u i u m p I I I  sin ai _ vu-ti  t i n t ’  gn - u ’ m u1 t ’~t f n t t i gnn c i n n mn—— - i n u t u e s  l i n t  it ’ t-ll ’t ’ctiv e s l i t - 1t  mtb anrd t h ese fli ghts .
I ) av S i n n u n n n i - t l i ; n t t - i v n f t t -  n - t i n t -  u ’h na m ngt-  inn t h e m ’ i i t ~ -.t n i 2 t u~ n i t i s s  u nI t ’ u -m t i n ( ’  sleep pt ’m’iod. Tin s is .
w nr k i -— s i i ’t - i u  u ’vu ’I t ’  in owt ’vt -m’ , t iut ’se s i i h i j t - t ’ t - nip — iii ’ t ’ i u t n n ’ st ’. n t iwn rvs  I r un t ’ i tun’  t in t ’  flig i nt cr-t ’\Vs, One
l t t ’ mt n t ’ t l t u t  u - i - i - m i t t -n-a l t -  t 1u mo - k lv  ;nn nt l n - n - t r i m - n i  to ( ‘a ir— s t i m n i v U s i n ~ ’gi’’-t s l i n a C  fan’ l nu umm u n rns. huinr gtin cnini g u t f
I i ’( i l h ( ’ t i ’ l , I , r -~ u~p I i  “ um i i j t ’ t ’ t ’ — . ( Inn t i n t ’  o t h e r ’  ina ni t i .  t In t ’  i h ni y i’~ a m u t a n t ’  n u t i n ’ n u n a i  m’t s})onse t h i n nn  shnt i r - tenn —
nnp ~ut ’a n’et I to s n mf h ’ t ’n’ gn u - m i t t -n ’  fnt n ig u nu ’ inn t in t ’  m u n i t h i l i t ’  m u g  of Cl i i ’  t i n y .  I t t ’ i ’ ; i t is u ’ n’e su m lt s of fi ’ee—n ’tun n ing
of t iii’ I iost s m 1  ft  pu’ r iot 1. ‘F 1w psyt ’hou n motor’ pt—u - — u-xpe ni niteii ts tin i Os i l l  W I i i t ’ i i  n il  t i ni ne t’nnt’s ai’e n-c—
fo i ’m muni  nut ‘u- st ores n ip lit-inn’ to i_ -c n’i fv s inn ut-  of t ine  mini  ivet I ) sin ow mu ain’t- i ni t l i t - id  lint is I u ’nul to develop
fat i gu mu ’ n - i- —nu l l s :  i t ’ .. ( r - t i nn l i  Ii ’s p t- m ’f or - m n nm in n t ’ t ’  n ’ i nv t iu rnn s  gn’ t -nutu ’n ’ u h a n  24 ii. ‘line samnie sttttiy~
n m c t u r a i i v  i m n n i u n’ ove t i  1, 5 pt n ’t ’t nut  fn ’ t n n n u  I) nn v 3 to mu b .ti sn ngg i -—I s t h u i n t  s i t -u- i ) iii -~inin ’ i l  iii bitt’ aften’uitnotr
I )av S. i_s- h i lt- ( n -i inn i ~~~ ii t ’ u ’ h i  na-il inn  ) it ’n ’ f o m’nu nnnn rc e mu n i t i on n i t -  u- i _ u - ni lung in n Il  i s . WI nen i 11( 1 it ’  i ty  it-vt’i s a n-c
1,7 p t -r ot -n I t  f rom in I)av 3 I t t  i)ay 5. uu o n’ mn un tll y n u t t l i t-in’ h i gh est. is less effect it-c titan
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.h i - i ’ p  i I - l : u i m : u - , l  i n :  i - m i t t  n n n u u r m i n n n g  I n t u I t — , u v i n o m n  f i u r m n u m t n u u ’ t ’  u t u n t  -- I h u n t  i -u ~ i id  lit’ t hn ’ s t ’ n i l i t ’uI inn m i n t
u - I  i v m n v  i t -v t ’ 1 -  a r - i ’ m i t i u u n n ; i h i v  n u - l m n t ’ o t l ,  m u - .  i - \ : i ~’~ i r ; n t i u i r u -  of t i n m ’ u u ’  i i m t ’ s i n i f l  l tu ’ u f o m m i n t i

i n n  t i n t  o u t r u n , m i i i ’  n t - - u n i t —  u i l ’  t i n t ’  h i l t - i u i l t i ~ I - m ni 
- i I i -  m n n n u i n n  t h I l t ’ r t ’  ni t -n ’  n-  - i - i -mi  inn  l i n t ’  p n ’ t t n u t u u m u t ’ t ’ t h

n u n ) I i , , - i n O n t n u - : i l  m n n n ’ ; u - n n n n ’ i u u i - m i t  - i n n  t I m  -t i n - k  t h u  i l l - t i l t  i n n  1 t t ’ n f u i m i m n ; t n i t t ’ i l i u n - i m i g  t i n t ’  f i m i m n i  ~ i u o i m n -  u u f

n u u i n  c i , I ~ i~t - — I n t l  I — i  t h u — u ’  i i i ’ 
i lli n t —  h i n t ’ n i ~m ’ _ I u h : u i - t -  miii- i h i t ,  •i~i n t —  r - t ’ - — i m i t — — l i i i ’  h i t —n- t i _ % i u  g n u i t u } i —  m tm ’ t ’

n n n - n u t  - t i t h i - - :  t I c i - t  u t ’  I i n i h I ’ : i t i -  t I ~~t t  l i u ’~~~1 l - - ~~~~~~ 
i - I  h t u i n - si n i i u i n t m u t u n s h y  m xp i i u u n t ’ t h  mu -  n - u--

i i i  t i n t ’  t u : n t t t - - - i i - t - i u  i - t , i u -  i - \ h u i - n  i-i c - i -  h i t  m u f l u - u -I r ig  ~t n i ’ s i t i i n m t l  n - l i t - i - I  t , f  l i t ’  t i— ~ u u j  - h - i - 1 i

- _ - 
i - u - H - n i l - i - i l m t m i u i n  t i t  l i n t -  — m u t t ,  i ) m i n ’ i n u u r  n u n —  —~u t n n u ~— l i l t  u v t u r - L u ’ n -  itt ,- — muon m u  i _ u -  l i i i ’  — : n m n n t ’  — I i ’ - - I u in n

~ t it ‘~ h i . ~~I c : i t  r t ’ - p u u m n — u ’ —  i t i -  i - h l m i n i ~ t - t \ i u u n -~ i- - i  i n r I .  m l -  i t i ~n f ’ u t n i n u m u n n t ’ t ’  iii ( i n u i t l [ i  I l  t ’ u t r u i u )  Iii ,

l ’~ ut t i : i t i - h u ’ r  it c it I -  i i ~ i t l mnu - n . u l t o t  n i t _ tv  I n u t , - ‘ ‘ I c - . h n ’ -u - r - n i i u - i h m u -  m t - f l i t - I  i u n g  u l n n - t ’ u - l i v  r i n t ’  1 - i i  -i n i f t  mum
n i t -  t i n y ,  ‘ i ’ l n u ’  i i t ’m ’l ’t t u ’ u i n ; u n t n ’ t ’  u i f  I h i t —u ’ ~i n i l t - - t — mi i i ’

/ ‘‘Y -~- “ c - - ’ -  ‘ ‘u  /‘i l i i i  , 

-
‘ i’ — t i - h i i n n c . t . ’ u  

a r -  l u u  - t a r t  t I n t ’  i m u v  at m t i i t i m n t  t l i t ’  h t ’v i ’ i  m i u m t i n m -
~~m i t u ’  mi ~~t u - : i t i - i  1 1 1 1 1 ,  i l l - i n n  i f  l i i ? ’  c 

u m u i n u t - u l  m um - m ug n l n u ’  i i n t s l h n n n m t ’ i u  —u - — j u n it t ’ t i nt ’
l u - n i t t - u  a ( n u i i n ~~

_ i i  i n n i l  i i i  t h n m u n u  t h u  t h u  l t l n \ .  
h u t - m i t t  i , l i ~i h .  ‘ i ’ i n t ’ i m ’ h u i ’ m f t , n ’ m u n u m r n t ’ t  i n n n i i m ’ t i v t ’ i l

u i i t u ~~ i ui ti c ) h ju s-i t ’ iu i i. n i  n u u t ’ u n — i u n t ’ i u t ’ m u t - , I i i t t i i ~ t 
— i u n u n u ’ w i i u m t  m i n n t i m n g i n t i n t -  h u t ,  l i mi t  f l i t - v  -li i u w i ’ i l

h i ’ s i - n  fi in I i  t u t u  - ti m i - — i  m i n i  hu t r n m l  n a t  t u f  l i n t ’  Ii 
i n n  m - l ~t - t i n - t i l t  i nn t n ’r’ l ’ t i m m n n u u m n n ’ t ’  at t i n t ’  u ’ n i i u t f  t i n t ’

t r t u i ~ n t i u l u  4 n- t i i n h i  I t  i L  h i r ~ t ht~ u f t t ’ n t i n t ’  u n i v .  i n n  l i i i -  t - I ’ — ) t i ’ u - t .  ~t i1  fi nn - u- u ’ ~ n - t u i ~~t - 1 t n - r f t i m - u n t t - u l
I I ; nu gt ’ inn  t h u  H UI k - I t t - i t  i ’~~ n - l i ’  mi  t i a t n  h i t ’  )n u o n’ - 

m i —  I i n u i n c ’ i n  t i n t ’  ioI ~t l  i t t ’ n ’ i tu t )  i t t  tv m u k i ’ f t u h t u n - s s  h i n d
-n j u t - n - f i n  u u i ; n u i u  u -  it t ’ t i n t ’  , i : t ~ u v ;i - . t i n t ’  f im’ ~t I n s t  

Is - i ’m It ’ m t i r l i n i ’ n n u ’ i I .  w i t h  a m t ’ - i n i t u u n u t  i n n t ’ n - t”,t s(’ in  t i n t ’
a ft i ’ m ’ mutt -  mt ( n ’ n i n n n g  fm - t i i i i  t i n t ’  _ i t ’ u ’ i m i i u ’ r i i t i i _  I n  i_ i_ is h i nm i h t inn l i i f fmtl i~iint’ _

i i i  u n t i l  t i n t ’  i n u - t  2 h u n t  th ud I m’ u t n i ) t  I l l  - i i u t w t ’ t h 
l ) t i m ’ i n i - ’ t in t ’  t i u n u t i  3 - t i ny  I i i t i t ’ l ~ t i nt ’  ~i t ’ n ’ f t u n ’ m n u m u n n t ’ u ’

i t —  i t t t ~~
-u~ m 1t t ’r t o r r u u : u n t i ’ t -  t i n t ’  Inn - —I pu ’ n ’ n o t h  a f t e r ’  

uuf  t i nt ’ sl i ) t j c i ’ l s  i n n  t h i n ’  - u n i n  n-al gu - n u m n ~ u i-c t t n m ’ m n u ’ t i  t o
l W  i k i ’ u c i t i ~~: ,~~i u I t t u i n g l n  I l i t ’  ~h u ’ i ’~i - i i i  i u t  - ~n ’ lt h t ’i l  

u t l i l i n u t x i i i n a t u ’ l v  l i n t ’  l t - v t i s  n i i n t i m u t n t i n u t ’ t i  pu -no r’ to t i n e
nt o i m n i l n u - m i t n u t n i .  i i t ’ r l u m t h u s  tilt’ t h n i ; u h i t \  ( i f  i t t ~~i t i l t —  

‘si ni f t  i i a—t ’  i t t ’  t I n t ’  t ’ x l i t ’ m ’ i n n n u ’ m n t .  I l t t w - u ’ t - e u - . t i n t - u n ’
t m u r n m c i t I t I i r - u i t n h i  i l l  i_ i_ _ ins un u i t  t ’ t 1 i i r u u n l t ’ m m h  l i i  I i n mtt  - - - . -

- ti _ _ in- .  mtnu  n i i - m t ’ u u — ~u ’ in n t i n t ’  n i u ; t ~,rm u n i n n t h u ’  t i l  t i n t —  st ’ —~— i ( t i i —
u u f  I . n u t n n l u I I . 

t u i - s u ’ s s n u i n i  f hu n c t i n m t t i a n n s . Gn’o n up I I I ,  t i n t -  “na sh-
,1f ~,/ t  ;/ i/ i  u i_ tX ’ ~‘ /~~~ O/ ~ / / i  c / / I l l  /i’~ / f~~~!! I I  n~’ inn — I IO~ i nn )’’ I! i l l  i }t . Silt) i_ veil t Inc i tt it i n - u- st i ic n’f au ’mn u anct ’

t m ’ r ’ ; t n n ’ t n u t i o n m  i f  t h n n ’  t - l t ’ i t —  i u f  t i n ( ’  t i n n u ’  shift t i n t  t i n n i n g  l i i i -  1 — i n  pen’ia d thnmn l  Itu ’g n t m n 3 I t ht t ~ r ’ ( ( u t-un 1
n i n m u i n  i p h u ’ t ; u — k  Pu- fit n i m m u m i i - i - m i m i—h h i t -  i ’ t n n n u i m t  i u ) u n tHl  ~ ) I i n munu t i n t ’  i t t ’n’i u ii i of ioti _ u’st t tt ’r ’l ’u tn ’ mi n m n n i t ’ u ’
i t V  t t t t t  h u i t t u t — , I’ m —h .  t i n t ’  . - l I h u f i ’ t t ’ . in ( n - t i n m j t  11 t l t n m ’ i t r ~,i t i n t -  h tm ’ t ’ s i u i f t  i t i mnis e i t t ’  t i n t —  ex } t t ’n ’ i u i n e n i l .  hi ni l
i_ i_- i ’ m - u ’ l t t ’ t ’ r n n i h t n ’ t h  mu ~i u ’ t ’ i t  l t t ’u’ i t tu l  t n t ’  nl uIIIi : i  I t h i n - un — l i n t ’  t ’ n n i h — u f — u l n u ~ t i u ’ h u n ’ t ’ sc— ionn  iii ’ in ’m’f o r’ m nn mn nn i ’c  f ounu n d

t u r n  m n t n t n n t ’ t h i m t t t ’ h ,i_ ’ p m ’ i~ n I t t  t i n t -  iltts t i n mf t l~~~”~’ i i i  u h t n r ’ i t n g  t i n t ’  t im - st 3 l ay s  p t i s t s i n i f t  t i _ m u s  r an  pm ’t —s ’mit
t h u — n i c l t ,  t t - i n t ’n ’n ’u t — l i n t ’  — l n i j t ’ u ’ t —  i f  ( i n u t t i i i s  I u n n u t i  j t i s l i ’ m t i ,  t i n t ’  g!’u ilu~) s  It t- n ’ h m t r ’ n t u m t n n ( ’ t —  i m i n i i m ’ n m u - t — ul i d a —
I I I  it m iu t  — h i n t  % t  , — h n slt ’t ’p lt u ’ r ’ i uu t l s  i i n ’ i u tn ’  I i i  l i i i ’  l i t - n- t o tint -  1uii _~- 1t u uj tit  of t int ’  u ’int ’ve . ()vcn’all , tIne

— m i t t  , ~ t ’tui n Ili . u i N i ’ I I — s ? ( t t i s  w m t h u  tin ’ — i n ii j u ’ i’ t s pu’ n’f i t n’nnu ;u n t c of C m i i i  gn ’atn ~) tt~it s t i u t  J) atmr ’est (If
c—I n u i n I ~!lV — i i ~~ i!u- — t t - c  i t h u d  i i i t i — t  of t h u - t n t  t - t , n n s i th t ’ n ’ u ’ t l  t iii ’ f l i r t -u ’ , T i n c ‘‘i_ vt-st i i i t u m n n u h ’ ’  gu’ u t t i } i . G u’ t t n n l t  II.
t i i t ’ n i t ’ u ’ h u - t - , I i i  lit ’ ‘‘ t i t 2 i u t  1a’~1dt’ I l i ti ~, , ’i s i l i ft  i u u n t l n i l a i m i t ’ t i  ut fain’ lv s t mul i i t ’  lt i_ t ’i °~‘ 1tu n ’ f t t n ’ m n i m n n i u c
tv i ’~ t wo n i l i l  lit ’ unu t um ’ t ’  l i k e  t i n t — i n ’  n a t n ’ m n i u u h  s u ’ l n t ’ ihmi i c  t i n n u - i n i g  l in t ’  f i n - st t h i r ’ t - - scs siiur us u tf l i i i -  c l a y  uhum n’ in rg
;t n n t l  mu s i u j f t  c m u — t  w - o t n l t l  i t t ’  f t u r ’ l i i u ’ t ’  f m u i m n i  l I ne n ’  m i n i s  ~il utc—t ’  l o u t  s t i l l  t ’ x l n i h t i t t u l  l i i i ’  s t m i u s t : i m n t i m u l  end —
m n o r - nnn ni  s u ’ i n u ’ i i t u h ( ’ s t lu au w o t u l i l  a h i h i t ’mt r ’  si n i i ~il y ( tin i t t ’ — i l u t v  ~n- r’f t tn’i una nr ct ’  th t f i i t ’ i t .
t i ne  hiuts is  of clock t in m ue .  ‘l’Ine t i m u n c  b ins e fin ’ Fi gu m n -t ’ !’3 15 c — t i m  t i n n m t .  if

‘I ’hne tn ’v sbn i ft ~~~ farm mt n nu t’ r un ri_— es ii m u -  ~u hta t  it u ’ ( t i ii~ t It -t t ’ nut lit ~it nt  it inn l u a u )  Inn k i ’mn i i i  m m i ’ m ’ , t int- cnn n-i_- es
ty p ica l  of i_ s - hunt i _ vo m ul ul  be t ’xpertt ’d . mm lh i n u i n m g i n  Cu t ’  fin’ (;n’ouiiis II anti  I I I  s i u u u u n i i i  h u n t  h u t - cnn ‘‘j , l t - u r t i —
r u n t  ru it ma hu ’ of t in t -  t b t i u - t n i n r t i a n u —  ts’ us gn’t ’ n mt u ’ n’  f ( in ’  cnu i ’’  t o l i n t ’  t i n t - u t ’  h u n ’ I ~n - u t u n p  I .  i im’n n - i ,i_ i im t ’ ,s n n n ’t

l t ’ o tnj i s  I I  mm i i i  I I I  t h n a m u  f u m n’  ( i u ’ t t t n i u  I . ( i n ’ n t n ’m ’ n t i i y. ri ot. is evitlt’nnt ’t’ul i v  h u t  in I h i t -  u-n m - t i - ’ - mm i i i  l iv l i n t ’
tint ’ — i n i u j i ’ u - t s  s uu u i w e u i  tl t ’t’ ii nn in i g p t ’n ’fttm ’n nn um nm t ’e d u n n ’ — c - ignni mmu ’nnn t su’ ss iu i nu s  x ~ m - t t n n j i s  i u n l i ’ m’ m u t ’ t i u t u n .  S m u t ’

nw C u t ’  nun o n’n n i t n g  h ut to n ’ s ,  r - t ’n mch i e u l a hunt ’ l i t t i un t  at ’ t u ’ r’ t int-  u ’ t mi ’ s t’ f t nu’ ( i n ’ t i u m i i  I si_ ui— i t h u h t i ’ t l x i m n n n m t t ’ i v  of t in t ’
t i n t ’  i t n n u u ’ I n  Itreak. n u nrd s u n t i u v i - t i  r ’ c l a t i vt ’l v  i n i g i n  sn u nmut ’  fan nu n u l m n m ’ i m m g  l i n t ’  f in a l  3 i I ; u v s  t i u m i t  it wit s
l ’ u t - l ~ of ~u t ’ n’ for ’muun n rme u ’  u l m m m ’ i m m g  t in e  late m m f l o n m n i i t i n i  u l t r r i t i i .~ tI nt ’ I m m ’ o s l i i f (  I u h n u m s u ’ , It  m n l i i u ( ’ nu n’ s I I n u n t  h in t—
an t i )  emtn ’lv t-t-t’ning hien f~m’m m1n u mtu’ t ’ Uu’s s i u i m n s ,  u- t hu - it s of I hut-  slcn ’~u I i i—— ann t i n t ’  s l u i f t  thmm ~ m mii  lnet un

I)um u’inrg th it ’ 3—da y block i u u i n u i e u h i a t e l v  f a h h i i w ’ i n n g  u l i s—i ~im utu ’ i I . Vm i f i n m ’ttnnm u t lt ’ i y . lint’ 1t t t s s i i u i l l l v  t h n n m t
t int- s i i i t ’t .  Gm’ on ips I arid I I I  sunu n wet i s i m uni la r ’  p~~’— t int ’  s u t i n t ’  w u n s  mm o t l i m I t -  fu r’ ( i r ’ t i m i i u  I l l  i tm’ e chti t les
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u u u n m ’  u i r m t w i n t g  n u m u t - u 1 t n i v u i i ’ u u )  - u u n i , - I c I - u i u n c -  m u l i n i n u l  t i n t ’  \ i - u u u t I i t w  l i i  l i i i -  k c u u h u ~~~c c - : i I  a n n u l  i u n u i n ’ h n t ’ n n n i
i u t ’ r f u u r i u m m t m u’ t ’ n ’ t i i ’ u - t  — u n f  t hut ’  t ’ \ i i i ’ m ’ i r i n u . t t t t u l  r i i : n m n i i i i i -  mu1 t j i u - m i - l j t u - l i u - l i t  - I hu rt ’ i-  l i l t  It ’ t i l l h ’ t ’ r’ i ’ mnt - t ’  hi ’-
h a n i u u n u  i f  t h u  l~ r t t n ’  v ; t t - i m i i u i t - , J h u t \ t - \ i - t ,  i t  u n i t ’ - l i S t - u - t i  t i n t ’  t t i u u  i ;  - u ’ i u n ’u ’ ’~ n - t t u n p c - ,  h a h n uu f  w l u i i ’i n
—~- ‘ n ~ n ’h u —u t n — t l I n t  t i n t ’  i t u ’ r t ’uu r n n n : u n n i - i ’  n u f  t i n t ’  ‘‘ i _ i t - — I  - r ’ u ’ u 1 m u i m n ’ u i  h i u t u __r l  t i - i l i u m _ m t  I t n t n n n ’ — t l u n n m n  u 1 i t l  l i nt ’
h io m u n i u b ’ ’  gm’tu m m } u  l i i i  m u t t  n - ( i t - u - n  u t t l u u i u t m u l  i t i u n  t i n  t h u t ’  g n n t m n ~ t t i _ i t l n  —l i-i- m u i t t — —  i~~ n t  mut t  I m int ’ t ’ i u m n n m i t , ,
n l t ’ S V  I u n i t ’  — i h t ’ u i i i l i ’ , m u n u i l ,  u t i t i n u i t i g h u  i t  i’- n u n m n t ’ i n  i t s  ‘l i n i ’  i u v t ’ i n u u i m n t i t u i n ’  i i n - r ’ f u t r m n t u m n n n ’ o  t i - I  i i n u h u ’ : m t t ’ s

n - i t - run ’ , it n i — u i  -u t - n a -  i i k n - l y  t i n u n t  t i l t ’  “u ’ m u - t h u u i t n n n t l ”  t i n n ~~u i l - n~m t I t ~c-l u ’ l m:unug t ’  i n n  t i 1 - g n ’un tn}n  i _ s ’i t i n h i n t ’  t i m u s ’
m m n - u u u u i i  h u h  nnu , t  m t u i m u p l  inn  t i n t ’  t ’ t u t n t - c—i ’ iii ’ t I n t ’  — t i n i l y ,  ‘ - l n u t t t t ’ m i t ’ u i l iv 0 in.

) t n ’ n m u i l ,  t i n t ’  m n n m i i t  i l u i u ’ — I m n s k — i i u ’ i ’ f t m n - m n n n u m n i ’ t ’  i l m t t m t  , - )  ) - -
- _ , i m i ’  t ’ t n t i n i t i t ’ ~ i t u - m ’ t o m n c  c : i t i u t ’  I mu— I - n  ( M I I  I i )  n n u u h m  —

- urn m i n i ’  u u n n u ’  l i u t n i u l  t r u t h  l i n t ’  l t h n \ 5 i t t i t i ~ n u - u t i  t u t u  I unit—
- 

_ , , u ’ a l t ’— t i n t ’  ,r m’ i ’ m u t t ’ — t  t i t ’ t n n ’ n I  n i t  h t n ’ m ’ f ( i n ’ m n n m t n u t ’ t ’  f u r  h i n t ’
n int h I n u mni i l i um un ann I b i t ’  u t h  iu t ’ n’  l u a u  I t i n  u n  h iu ’ r - e tu t

- - , - gm - t i t n ~u i_ s - nh i i  t i n t -  t i n u s  — i n u t m t t ’ m n t - i i  ( tv i ’ c- t h u t  u-mist ) lit
‘ - u t nu - l u n — l i u n l —  ~t b u u i n m t  t i n t ’  m t u i a l u l u u l  n i i r m  oh t i me ‘- t l i u j t ’ u ’ t ’ — -

- ‘ - _ _ , - 4 hi mumn i l t m u ’  h u t - — I p u —i ‘— ( n u l l  i i u ’ r ’ fon’ i un u unu c u ’  l iv t in t ’t u t  t i nt ’ t t v u u  u t m t l u ’ n ’ t ’ m n t  I m i n t -  s l n i t t — , \\ n ’ u ’n t n u  t i f i u ’ m -
- - - gn’ttinp s v h n t i c- .t’ t i nts’ ti- m u— l t ’ m u g l h n n ’ n u t ’ t i  (u ’uu u - t t u ,  w i — I )t h u  t ’ x j t i m u n i m u t  n u u n n  fu n’ t i u i ~u u i nc ~u ’ n ’ t ’ j i n tn iu ’ y  : u i i i u u m n ’ u ’ u n t l v .  , , , : - -

- _ _ ‘ - ‘ h u t  t u  in ,, I i n u ’ m ’ t ’ f u t m ’ n ’ , i f l t t ’ n ’ l u t t n n u m u n u ’u ’ (uf l i n e  t i _ 1 t t ’ih n I l u - t u - n i t  
~~~~~~~~~

- — — ‘ — m i n t ’  i m n t - u u i s ’ cu h  m u —  i ln t ! ln u ’ r ’  o n u h u ’ n  - , — -
- - t n - i i t i ’ —t -tu tt ’ u l l iv  t h i n ’  ~l I I  l~ ii— t I n t ’  i n t o — I  n m n n i t t i n ’ l m u m n lu i u - t u - n ’ n i n i n t u m n n t s  n u n  l I n t ’  t t v u i  ~p b u ’ t t ’ ~ of n n u u ’ u u c — i m m t ’ n u u t - n n t c ’ , - -

U i - onu c— i uht ’ t ’ ; t t  non . t I n t - m n  t n - n m  vu ’l f n ’ t t n u n  i_i_ cc- C I i i  i - ma— I ( ( in ’
— 

•i u i n m j t , k  t i m r n u a n ’ t u t n r i u i u — ’’ fan’ su n i f h  i_ vor k u ’r , -  ) m i i / m u u ’ m t r ’ ~‘. . ( onclus nons.
t o lit’ mn ua n’ t ’  u i u ’ i c l t ’ n ’ n i t t m s  I I u u u t n  t i n t ’  t u l i l i n i s l t u ’  u i i ’ t ’u m n ’ —

I’ l i n t ’  c u r i n u ti l - ‘it n nn h uin ’ n u t iu in ) uu ’ r’ :unnt i I hut ’ n - i-a u-u’ s, I Ioi _ v t-i _- u ’ r’ , I In n— u ’ mnnn u n o h  lie p r ’u’ ul iu t i ’ u i  tar
i_ v i u h t ’  i t n u h i t i t i t u l l i  t : i n i u m h u i i i t v  inn  m i n i ’ s  —I  j i l t ,  in ic- t Int’ h u n t — i —  itt ’ t i nt- ~u i n y s i u t i t t g i u ’ n t l  m u n n u h  l t i a n ’ i n u ’ r u n i u - m i l
uhi t hi t ul t to u ir m u t v it-timi d l i _ n ’  u - u u l n u ’ i i n — j u i t l ’ — , i i t ’ t u - m ’ n n n i n m u n t i u u m n s  minutt hn ’ i nn lids stu n u lv,
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